S. HrG.107-994

CLEAN AIR ACT: RISKS FROM GREENHOUSE
GAS EMISSIONS

HEARING

BEFORE THE

COMMITTEE ON
ENVIRONMENT AND PUBLIC WORKS
UNITED STATES SENATE

ONE HUNDRED SEVENTH CONGRESS

SECOND SESSION

ON

THE ECONOMIC AND ENVIRONMENTAL RISKS ASSOCIATED WITH
INCREASING GREENHOUSE GAS EMISSIONS

MARCH 13, 2002

Printed for the use of the Committee on Environment and Public Works

&R

U.S. GOVERNMENT PRINTING OFFICE

83-683 PDF WASHINGTON : 2004

For sale by the Superintendent of Documents, U.S. Government Printing Office
Internet: bookstore.gpo.gov Phone: toll free (866) 512—-1800; DC area (202) 512—-1800
Fax: (202) 512-2250 Mail: Stop SSOP, Washington, DC 20402-0001



COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS

ONE HUNDRED SEVENTH CONGRESS
SECOND SESSION
JAMES M. JEFFORDS, Vermont, Chairman

MAX BAUCUS, Montana

HARRY REID, Nevada

BOB GRAHAM, Florida

JOSEPH 1. LIEBERMAN, Connecticut
BARBARA BOXER, California

RON WYDEN, Oregon

THOMAS R. CARPER, Delaware
HILLARY RODHAM CLINTON, New York
JON S. CORZINE, New Jersey

BOB SMITH, New Hampshire

JOHN W. WARNER, Virginia

JAMES M. INHOFE, Oklahoma
CHRISTOPHER S. BOND, Missouri
GEORGE V. VOINOVICH, Ohio
MICHAEL D. CRAPO, Idaho

LINCOLN CHAFEE, Rhode Island

ARLEN SPECTER, Pennsylvania

BEN NIGHTHORSE CAMPBELL, Colorado

KEN CONNOLLY, Majority Staff Director
DAVE CONOVER, Minority Staff Director

1)



CONTENTS

Page
MARCH 13, 2002
OPENING STATEMENTS
Campbell, Hon. Ben Nighthorse, U.S. Senator from the State of Colorado ....... 44
Chafee, Hon. Lincoln, U.S. Senator from the State of Rhode Island .................. 29
Corzine, Hon. Jon S.; U.S. Senator from the State of New Jersey .... 32
Jeffords, Hon. James M., U.S. Senator from the State of Vermont ... 1
Lieberman, Hon. Joseph, U.S. Senator from the State of Connecticut . 43
Smith, Hon. Bob, U.S. Senator from the State of New Hampshire ...... 6
Voinovich, Hon. George V., U.S. Senator from the State of Ohio ....................... 4
WITNESSES
Baliunas, Sallie, astrophysicist, Harvard-Smithsonian Center for Astro-
physics, Cambridge, MA .......c.coooeiiiieeiee ettt et e e r e e e srr e e e saaeeennes 19
Prepared Statement ...........cooceeviiiiiiiniieieceee e 154
Report, Climate Research, Vol. 18:259-275, 2001, Modeling climatic ef-
fects of anthropogenic carbon dioxide emissions: unknown uncertain-
BEES eeitteite ettt ettt e ettt e et e et e bt e et e e bt e et e e teeeabeentbeenbeenabeenbeennaaens 162-178
Responses to additional questions from:
Senator Campbell .........ccooicciiiiiiiiieeeeeeee e e e 183
Senator Jeffords ....... e 179
Senator Smith .......... 179
Senator Voinovich .........ccocceeiiiiiiiniinennen. 181
Cogen, Jack D., president, Natsource, New York, NY 22
Prepared statement ...........cccoooeviiiieiiiiiiiieee e 195
Responses to additional questions from:
Senator SMIth .......cccoiiiiiiiiiecce e e e 196
Senator Voinovich 197
Legates, David R., director, Center for Climatic Research, University of Dela-
ware, Newark, DE .........ccooiiiiiieceece ettt et et 15
Prepared statement ...........ccccooviviiiiiiiiniiicceee e 101
Report, A Layman’s Guide to the General Circulation Models Used in
the National ASSESSIMENt .......c..ceeeviiieiiieeciiee et 106-125
Responses to additional questions from:
Senator Campbell 132
Senator Jeffords ....... .. 126
Senator Smith .......... . 126
Senator Voinovich 129
Summary, Addendum #1, Theoretical and Applied Climatology, 41,
11-21 (1990), by Springer-Verlag, Mean Seasonal and Spatial Vari-
ability in Global Surface Air Temperature ..........cc.cccceeeeveeeevveennnnns 134-145
Markham, Adam, executive director, Clean Air-Cool Planet, Portsmouth, NH . 17
Prepared statement ...........cccooociiieiiiiiiiie e 146
Responses to additional questions from:
Senator Campbell 154
Senator Jeffords ....... w151
Senator Smith ....... e 152
Senator Voinovich 153
Pielke, Roger A., Jr., associate professor, Center for Science and Technology
Policy Research, University of Colorado/Cooperative Institute for Research
in Environmental Sciences, Boulder, CO ........cccceeeiiiieiiiieeieeccee e 13
Prepared statement ...........ccooovciiiieiiiiiiiiiceee e 87



v

Pielke, Roger A., Jr., associate professor, Center for Science and Technology
Policy Research, University of Colorado/Cooperative Institute for Research
in Environmental Sciences, Boulder, CO—Continued

Responses to additional questions from:
Senator Campbell .........ccooiiiiiiiiiiiiee e
Senator Jeffords
Senator Smith ..........
Senator VOINOVICh ........ccooviiiiiiiiiiiiiiicceecee e

Rowland, Sherwood F., Donald Bren research professor of chemistry and

earth science, University of California Irvine, Irvine, CA
Prepared Statement ............cocceeviiiiiiiiiieieeee e
Report, Climate Change Science, An Analysis of Some Key Questions,
National Academy Press .......ccccceeccieeeiieieeiieeeeieeeerveeeeereeeseeeeesereeesaneeenenes 4
Responses to additional questions from:
Senator Jeffords ...
Senator Smith
Senator VOINOVICH ......occooiiiiiiiiiiciice et
Whittaker, Martin, managing director, Innovest, Richmond Hill, Ontario,
Canada .......ccccceeveeneeennenne
Prepared statement
Responses to additional questions from:
Senator Jeffords ..o
Senator Smith ..........
Senator Voinovich
ADDITIONAL MATERIAL

Charts:

Alaska’s Temperature HiStOTY ......ccccoceeeiieiiiieeiiiieeeiee et
A Sun-Climate Link ......ccccccoeevieviieniiieniiiiieiiee.
Forecast Amount of Averted Global Warming ....

Global Temperature ..........cccccoceeevveeeecveeeereeenns

Global Tropospheric Temperature .

Surface Temperature ...........cc.oc.........

Letter, East-West Center, Honolulu, HI ............cooovviiiiiiiiiiiiiiie e

Page

Report, “SWiSs Re”..c.ui i 199-206



CLEAN AIR ACT: RISKS FROM GREENHOUSE
GAS EMISSIONS

WEDNESDAY, MARCH 13, 2002

U.S. SENATE,
COMMITTEE ON ENVIRONMENT AND PUBLIC WORKS,
Washington, DC.

The committee met, pursuant to notice, at 9:34 a.m. in room 406,
Senate Dirksen Building, Hon. James M. Jeffords (chairman of the
committee) presiding.

Present: Senators dJeffords, Voinovich, Smith, Chafee, and
Corzine.

OPENING STATEMENT OF HON. JAMES M. JEFFORDS, U.S.
SENATOR FROM THE STATE OF VERMONT

Senator JEFFORDS. Good morning. The hearing will come to
order.

Today we will hear testimony on the economic and environ-
mental risk of increasing greenhouse gas emissions. It is important
to note that the hearing is not a debate about whether manmade
emissions are causing warming. For the time being, that question
has been settled by the National Academy of Sciences. An Academy
report from June 2001 said,“Greenhouse gases are accumulating in
Earth’s atmosphere as a result of human activities, causing surface
air temperatures and sub-surface ocean temperatures to rise, and
human-induced warming and associated sea level rises are ex-
pected to continue through the 21st century.”

We are fortunate to have today a witness here who has worked
on that report.

What the committee will review is the magnitude of the possible
injuries or losses that may be caused by this warming. I urge the
witnesses to stay on that topic and help us assess the risk related
to increasing greenhouse gas emissions.

One year ago today, the President formally notified the world
and the Senate of his decision to unilaterally abandon the Kyoto
Protocol. At the same time, he also abandoned his campaign prom-
ise to reduce carbon dioxide emissions, or the fourth “P” from pow-
erplants. That was a serious blow to a sensible, market-based ap-
proach to reducing carbon emissions. As a result, the country has
no actual policy in place to achieve a real emissions reduction tar-
get, so emissions will continue unabated. This is happening despite
our international commitment in the Rio Agreement to reduce U.S.
emissions to 1990 levels. Voluntary measures are no substitute and
have failed to do more than slightly slow the rate of growth.
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This situation concerns me and it should concern all of my col-
leagues. Unconstrained emissions will increase atmospheric con-
centrations. These will lead to greater global warming and provoke
even greater climate changes.

Some of my concern is parochial. In Vermont, we rely on predict-
ability of the seasons for our economic well-being and our quality
of life. In the spring, maple syrup production is important. In the
fall and summer, it is tourism. In the winter, it is skiing,
snowboarding, and other outdoor recreation. It is safe to say that
most Vermonters aren’t interested in moving Hudson Bay to main-
tain their way of life.

Elsewhere in the country, my colleagues should be concerned
about the potential impacts of climate change on public health, in-
frastructure, agriculture, and wildlife.

Sea-level rise should be of particular concern to my friends who
represent coastal States, especially with growing areas. As Senator
Stevens has noted, Alaska villages have already started to experi-
ence some of these effects. However, these gradual impacts may
pale in comparison to what might happen with a sudden or abrupt
change.

In December 2001, the National Academy said, “Greenhouse
warming and other human alterations of the Earth’s system may
increase the possibility of large, abrupt, and unwelcome regional or
global climactic changes.” This should be a sobering statement that
encourages action; instead, the debate often seems to be focused on
the trees rather than the forest. But that information is not essen-
tial for Congress to act.

The potential calamity that awaits us through inaction is too se-
rious for Congress to ignore. We acted on lead in gasoline and on
ozone-depleting substances, even though we did not have perfect
information. We made the right choice.

The science on climate change is sound enough to proceed with
reductions now. Many carbon-intensive businesses have already
begun to take action. They see a duty to their shareholders and to
the public to start reducing these carbon risks.

Major insurance companies are increasingly concerned about the
uncertainty of a changing climate in their financial exposure. Sev-
eral markets are developing for the trading of greenhouse gas re-
duction credits, even in the United States.

It seems that there must be some level of economic or environ-
mental risk associated with these emissions; otherwise, how could
the credits have value, and why would anyone trade them? But
they are being traded at $1 to $9 per ton.

Congress is often slow to act on complex problems like climate,
especially without vigorous leadership from the White House. In
this situation, the private sector may have to lead us in the right
direction.

Unfortunately, in the meantime it seems to be business as usual
on emissions. They will continue to grow, and we may reach atmos-
pheric concentrations that haven’t existed for hundreds of thou-
sands of years. We need to know and be prepared for what that
means for our committee, our plans, and our Nation.
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I look forward to the panel’s testimony. It will help us discover
and better understand the risks that are posed by continuing to in-
crease greenhouse gas emissions.

[The prepared statement of Senator Jeffords follows:]

STATEMENT OF HON. JAMES M. JEFFORDS, U.S. SENATOR FROM THE
STATE OF VERMONT

Today we’ll hear testimony on the economic and environmental risks of increasing
greenhouse gas emissions. It’s important to note that this hearing is not a debate
about whether manmade emissions are causing warming. For the time being, that
question has been settled by the National Academy of Sciences.

An Academy report from June 2001 said, “Greenhouse gases are accumulating in
Earth’s atmosphere as a result of human activities, causing surface air tempera-
tures and subsurface ocean temperatures to rise” . . . and . . . “Human-induced
warming and associated sea level rises are expected to continue through the 21st
century.” We're fortunate to have a witness here today who worked on that report.

What the committee will review is the magnitude of the possible injuries or losses
that may be caused by this warming. I urge the witnesses to stay on that topic and
help us assess the risks related to increasing greenhouse gas emissions.

One year ago today, the President formally notified the world and the Senate of
his decision to unilaterally abandon the Kyoto Protocol. At the same time, he also
abandoned his campaign promise to reduce carbon dioxide emissions, or the fourth
“P,” from power plants. That was a serious blow to a sensible, market-based ap-
proach to reducing carbon emissions.

As a result, the country has no actual policy in place to achieve a real emissions
reductions target. So, emissions will continue unabated.

This is happening despite our international commitment in the Rio Agreement to
reduce U.S. emissions to 1990 levels. Voluntary measures are no substitute and
have failed to do more than slightly slow the rate of growth.

This situation concerns me and it should concern all of my colleagues. Uncon-
strained emissions will increase atmospheric concentrations. These will lead to
greater global warming and provoke even greater climate changes.

Some of my concern is parochial. In Vermont, we rely on the predictability of the
seasons for our economic well-being and our quality of life.

In the spring, maple syrup production is important. In the fall and summer, it’s
tourism. In the winter, it’s skiing, snowboarding and other outdoor recreation. It’s
safe to say that most Vermonters aren’t interested in moving to Hudson Bay to
maintain their way of life.

Elsewhere in the country, my colleagues should be concerned about the potential
impacts of climate change on public health, infrastructure, agriculture and wildlife.
Sea-level rise should be of particular concern to my friends who represent coastal
states, especially with growing areas.

As Senator Stevens has noted, Alaskan villages have already started to experience
some of these effects.

However, these gradual impacts may pale in comparison to what might happen
with a sudden or abrupt change. In December 2001, the National Academy said,
“greenhouse warming and other human alterations of the Earth system may in-
crease the possibility of large, abrupt and unwelcome regional or global climatic
events.”

That should be a sobering statement that encourages action. Instead, the debate
often seems to be focused on the trees rather than the forest.

There are even some people who think we should stop our efforts to assess the
possible impact of global warming on our economy or our environment. They want
to wait for perfect information. That seems unwise and irresponsible.

We must redouble our efforts to understand how global warming may affect us.
We should continue working diligently to reduce the uncertainties of predictions.

I am hopeful that the President will soon send up the detailed global change
budget, as required by the Global Change Research Act of 1990. That budget must
keep the national assessment moving without delay or censorship.

But, that information is not essential for Congress to begin acting. The potential
calamity that awaits us through inaction is too serious for Congress to ignore.

We acted on lead in gasoline and on ozone-depleting substances even though we
did not have perfect information. We made the right choice. The science on climate
change is sound enough to proceed with reductions now.

Many carbon intensive businesses have already begun to take action. They see a
duty to their shareholders and to the public to start reducing their carbon risks.
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Major insurance companies are increasingly concerned about the uncertainty of
changing climate and their financial exposure. Several markets are developing for
the trading of greenhouse gas reduction credits, even in the United States. It seems
that there must be some level of economic or environmental risk associated with
these emissions. Otherwise, how could the credits have value and why would anyone
trade them? But, they are being traded at $1-$9 per ton.

Congress is often slow to act on complex problems like climate, especially without
vigorous leadership from the White House. In this situation, the private sector may
have to lead us in the right direction.

Unfortunately, in the meantime, it seems to be business as usual on emissions.
They will continue to grow and we may reach atmospheric concentrations that
haven’t existed for hundreds of thousands of years.

We need to know and be prepared for what that means for our communities, our
plans, and our nation.

I look forward to the panel’s testimony. It will help us discover and better under-
stand the risks that are posed by continuing to increase greenhouse gas emissions.

Senator JEFFORDS. Our first witness is Dr. Rowland.
Senator Voinovich, I note your arrival. If you have an opening
statement, now is the time.

OPENING STATEMENT OF HON. GEORGE V. VOINOVICH, U.S.
SENATOR FROM THE STATE OF OHIO

Senator VOINOVICH. Thank you, Mr. Chairman.

I welcome the panel.

I want to thank you for holding this hearing today on the eco-
nomic and environmental risks associated with increasing green-
house gas emissions. I think it is always important to try and un-
derstand the risks associated with the various policy decisions that
we grapple with here in the Senate; however, Mr. Chairman, I
want to make sure we don’t rush past the underlying assumptions
on the science of greenhouse gases and climate change and jump
immediately to the worst case scenario effects. In courtroom terms,
we are in danger here, I think, of passing a sentence before we
have fully deliberated on the evidence.

Over the last year, I have chaired one hearing on climate change.
I have now attended, including today, three others. There is no
question in my mind that there is a real difference of opinion be-
tween the scientific experts on climate change.

It is amazing to me how certain groups have bought into the idea
that everything is settled and they close their mind to conflicting
evidence. I get letters from constituents and friends about climate
change, and it appears that they just look at one set of information
and have made a conclusion about it. Then what I do is, I send
them the testimony that I've had at hearings and said, “Here, read
all of it, and then you tell me what you think after reading both
sides of this.” There is a difference of opinion.

Greenhouse gas emissions and the climate change debate are
real issues which deserve our attention and the attention of the
best and brightest scientists in our country and the world. There
are a number of issues which need to be addressed before we plan
what to do about the worst case scenario, such as: what do the
models tell us about past changes and climate patterns, and how
well-suited are they to predict future changes? What do we know
about the predicted range of climate temperatures due to manmade
emissions over the next 50 to 100 years? If something needs to be
done today, what are the available technology options and what
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would the cost be to society to implement those options? Finally,
if we were to implement changes, what would the impact be?

I am told that if we were to implement the Kyoto Treaty com-
pletely, we would only avert the expected temperature change of
.06 °C—that’s .06 °C, which is substantially less than 1°F. That’s a
.01°C. To me that hardly seems significant, and maybe some of our
witnesses will comment on that.

I'd also like to say a brief word about the President’s climate
change initiative. I know today’s hearing was planned for the anni-
versary of the President’s announcement on Kyoto—very good, Mr.
Chairman. Instead of dwelling on Kyoto, which was a failed treaty
and would never have passed the Senate and still would never pass
the Senate, we should look at the President’s initiative. To me, it
seems to be a very reasonable approach and it is the only credible
alternative proposed to date. By the way, it is one that’s gaining
support by many of our allies who would like to go forward and get
something done on this issue and not have it be a long debate of
the international community with nothing getting done. It provides
the necessary funding for both the science and the technological re-
search. It encourages companies to register their CO, emissions. It
sets a national goal to reduce our carbon intensity, which is the
best way to protect our economy and begin to address the issue.

Finally, in terms of the multi-emission strategy, as I've said re-
peatedly, I would support addressing CO», Mr. Chairman, in a vol-
untary way which encourages new technologies and practices such
as carbon sequestration or anything else that’s out there that we
can look at, but I will not support a mandatory CO; reduction cap.

I think it is important that we do not let the CO, issue stand
in the way of meaningful reductions of SO,, NOx, and mercury.
There are many people out there that want something done about
those three emissions, many of them who live in your part of the
country. We can sit here and have a chowder society and debate.
I'd like to get on with dealing with those three so that we can im-
prove the environment and at the same time, create an environ-
ment where we have reasonable energy costs for the people of this
country.

Thank you.

[The prepared statement of Senator Voinovich follows:]

STATEMENT OF HON. GEORGE VOINOVICH, U.S. SENATOR FROM THE STATE OF OHIO

Mr. Chairman, thank you for holding this hearing today on the economic and en-
vironmental risks associated with increasing greenhouse gas emissions. I think it
is always important to try and understand the risks associated with the various pol-
icy decisions we grapple with here in the Senate.

However, I want to make sure we don’t rush past the underlying assumptions on
the science of greenhouse gases and climate change and jump immediately to the
worst-case scenario effects. In courtroom terms we are in danger here today of pass-
ing a sentence before we have fully deliberated the evidence.

Over the last year I have chaired one Hearing on Climate Change and have now
attended three others. There is no question in my mind that there is a real dif-
ference of opinion between the scientific experts on climate change. It is amazing
to me how certain groups have bought into the idea that everything is settled and
they close their mind to conflicting evidence.

Greenhouse gas emissions and the climate change debate are real issues which
deserve our attention and the attention of the best and brightest scientists in our
country and the world. There are a number of issues which need to be addressed
before we plan what to do about the worst-case scenarios such as:
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e What do the models tell us about the past changes in climate patterns and how
well suited are they to predict future changes?

e What do we know about the predicted range of climate temperatures due to
man-made emissions over the next 50 to 100 years?

o If something needs to be done today, what are the available technology options
and what would the cost be to society to implement them?

e Finally, if we were to implement changes, what would the impact be. I am told
if we were to implement the Kyoto Treaty completely, we would only avert the ex-
pected temperature change by .06 degrees Celsius over the next 50 years. That
hardly seems significant.

I would also like to say a brief word about the President’s Climate Change Initia-
tive. I know today’s hearing was planned for the anniversary of the President’s an-
nouncement on Kyoto. Instead of dwelling on Kyoto, which was a failed Treaty and
would never have passed the Senate, we should look at his Initiative. To me it
seems to be a very reasonable approach and it is the only credible alternative pro-
posed to date.

. I{:] provides the necessary funding for both the science and the technology re-
search.

e It encourages companies to register their CO, emissions.

e It sets a national goal to reduce our carbon intensity, which is the best way to
protect our economy and begin to address the issue.

Finally, in terms of the Multi-Emissions Strategy I have said repeatedly that I
would support addressing CO; in a voluntary way which encourages new tech-
nologies and practices such as carbon sequestration. I will not support a mandatory
CO; reduction cap. I think it is important that we do not let the CO, issue stand
in the way of meaningful reduction of SO,, NOx, and mercury.

Senator JEFFORDS. Senator Smith.

OPENING STATEMENT OF HON. BOB SMITH, U.S. SENATOR
FROM THE STATE OF NEW HAMPSHIRE

Senator SMITH. Thank you very much, Mr. Chairman.

Let me just pick up on the Senator from Ohio comments. I want
to compliment him for working together with this Senator. We
have a number of issues which easily could put our States against
each other, but it has been a cooperative effort. I agree with your
comments regarding the technology that’s out there that is bring-
ing dramatic reductions in NOx, SO, and mercury. We have a
partnership between a company in New Hampshire, Power Span,
working with a company, working with a utility in Ohio. We're get-
ting good results on that, and I think that’s the kind of thing that
brings us together to reach compromise and solutions, and I am
very grateful for your cooperation on these issues.

We are this morning talking about economic and environmental
risks associated with climate change, and certainly want to wel-
come all the witnesses, but specifically, Adam Markham from
Portsmouth, NH. It is good to see you here. Mr. Markham will be
discussing a recent report coordinated by the University of New
Hampshire that describes much of the potential environmental and
economic impact of climate change in New England—impact on in-
dustries, which is where we make money, skiing and—we don’t
have any sugar maple subsidies. We have peanut subsidies and to-
bacco subsidies, but no sugar maple subsidies. 'm not advocating
any, either.

This study underscores concerns that I've shared with members
of this committee about small, family-owned businesses that are at
risk as a result of what we may or may not do.

These are just a few of the risks that New Hampshire would face
with a potential change in climate. There are many more aspects
to the question of risks posed by climate change than we could
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even get into today. But when we talk about risk, I think it is
worth looking to those whose entire business is based on putting
a price on risk, translating environmental risk into economic terms,
and obviously that is the insurance industry. Insurance companies
are motivated to seek the clearest risk information available on the
subject of anything, and certainly climate change, as well. This mo-
tivation is not clouded by politics or agendas, but focused squarely
on the bottom line.

I have had my share of disagreements with insurance companies
on some of these issues, but accuracy in this kind of work is not
a luxury. It’s a necessity. If they don’t estimate risks accurately,
then somebody is going to go bankrupt—they will.

I would like to reference a document that’s found on the website
of one of the largest reinsurance companies in the world. It’s called
“Swiss Re.” I would ask unanimous consent that this document be
made a part of the record, Mr. Chairman.

Senator JEFFORDS. Without objection.

Senator SMITH. The document has a very interesting title, “Cli-
mate Research Does Not Remove the Uncertainty: Coping with the
Risks of Climate Change.” The title I think sums up our hearing
today. The primary point of the paper is that climate change is
happening and it poses financial risks. We're still unclear on how
much of the change is natural and how much of it is human in-
duced.

I have been to Woods Hole, MA. We've talked about these issues
with a number of scientists. That’s what I hear over and over
again—is the change natural? How much of it is natural? How
much of it is human induced? But there is change taking place. If
you go back to the insurance industry and their customers, causes
are of secondary importance in the face of weather-related losses.

So as we examine the risk question—and that’s why I bring the
insurance analogy up here—as we consider the entirety of the cli-
mate change debate, we should focus more attention on economic
risk posed by any climate change, natural or human induced.

The study points out that our vulnerability to extreme weather
conditions is increasing. This is because in a global economy, local
weather can have international consequences. As an example,
Swiss Re points to the flooding of the Far East Computer Chip Fac-
tory, causing supply bottlenecks through the entire technology sec-
tor. The paper points out that climate change is not needed for that
example to occur.

But evidence does show, though, that human interference in the
climate system exacerbates the problem caused by natural climate
change, so the difference between natural variation in the climate
and natural variation coupled with human influences may be
small. We don’t know yet. The scientists will continue to try to an-
swer that question.

There are differences between forces that can cause either neg-
ligible damage or catastrophic loss. These are the intelligent
thoughts of experienced businessmen and woman and people not
driven by any political agenda. Their jobs are to accurately assess
the economic risks posed by climate conditions, and they provide an
excellent perspective for us to consider.
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Let me just share one quote from the paper. “The climate prob-
lem cannot be ignored, nor will it be solved merely by calls for opti-
mum climate protection. We need to find ways of implementing the
necessary climate protection measures in a manner which is both
socially and economically acceptable.” That’s reasonable counsel.
Although I might doubt the authors ever intended it for this com-
mittee, I would urge that we listen to their advice.

Given the potential risk, we have to begin to explore reasonable
ways of mitigating the potential economic damage, regardless of
the cause of climate change.

I've strongly advocated a system based on incentives for innova-
tive measures to reduce greenhouse gas. That’s what Senator
Voinovich was just talking about. We are working with the chair-
man on this. We have some differences. Hopefully they will be dif-
ferences that we can bridge, but we do have differences. But I be-
lieve that capitalizing on innovation in the free market will meet
whatever challenges are presented. We need to think out of the
box.

Maybe technology will move a lot quicker in this area than the
regulation that we propose. Maybe we won’t need to worry about
Kyoto because the technology that we are producing will export to
the Third World countries and as they develop, they won’t be mak-
ing the same mistakes that we made. Just maybe that might work.
It doesn’t seem to me to make a lot of sense to try to get people
involved in a treaty who won’t abide by the treaty or can’t abide
by the treaty and don’t have the means to abide by a treaty.

I don’t think it is necessary to regulate through command and
control carbon, for example, at powerplants to cut atmospheric lev-
els of greenhouse gases. Let’s get the technology working out there
so people can make money and reduce carbon while we’re doing it.
We don’t have to create economic damage as a means to avoid eco-
nomic and environmental risk. There are other ways. We shouldn’t
be in the business of choosing winners and losers.

Regardless of whatever the policy answer is, one thing is for cer-
tain: absent a bipartisan approach to the resolution of this issue,
we will achieve nothing, nothing at all. I've learned that as the
chairman of this committee the hard way, frankly. We had two
major issues when I was chairman of the committee. One was the
Everglades and one was brownfields, and they have been
lollygagging around here in the Senate for years. I had some strong
views on both and couldn’t get them passed, and we were able to
work together, come up with a bipartisan solution, and found my-
self voting against amendments that I supported in order to stick
with that solution as we move forward, and both of those pieces of
legislation are now law. It is tough to deal with this. It is frus-
trating when you have people who differ with you on issues but you
know in your heart you’re going to have to compromise before you
can get it done.

So, regardless of whatever the policy is, we will need to be bipar-
tisan. We can’t allow politics to trump reason and success. You
know, good politics isn’t always necessarily the right thing for the
environment. I think we ought to let the chips fall where they may.
But we do have a long tradition of bipartisanship in this com-
mittee, Mr. Chairman, as you well know, and I think it will con-
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tinue. There’s a tremendous diversity of opinion in this room on
how to address these issues, but I'm confident that that diversity
is both valuable and a challenge, and I look forward to meeting
that challenge.

Thank you, Mr. Chairman.

Senator JEFFORDS. Thank you.

[The prepared statement of Senator Smith follows:]

STATEMENT OF HON. BoB SMITH, U.S. SENATOR FROM THE
STATE OF NEW HAMPSHIRE

Good morning. Today we are here to talk about the economic and environmental
risks associated with climate change.

I want to welcome all of our witnesses, and a special welcome to Adam Markham
who has come down from New Hampshire. Mr. Markham will be discussing a recent
report coordinated by the University of New Hampshire that describes much of the
potential environmental and economic impact of climate change in New England—
impact on industries such as skiing and sugar maple.

This study underscores concerns I have shared with members of this committee.
Small, family-owned businesses are at risk. These are just a few of risks that New
Hampshire would face—associated with the potential change in climate.

There are many more aspects to the question of risks posed by climate change
than we could list today. When we talk about risk, I think it is worth looking to
those whose entire business is based on putting a price on risk—translating envi-
ronmental risk into economic terms—the insurance industry. Insurance companies
are motivated to seek the clearest risk information available on subject of climate
change.

This motivation is not clouded by politics or agendas, but focused squarely on the
bottom line where accuracy is not a luxury. It is a necessity. If they do not estimate
risks accurately, they will soon go bankrupt.

I would like reference a document that can be found on the web site of one of
largest reinsurance companies in the world—Swiss Re. I would ask unanimous con-
sent that this document be part of the record. The document bears the title “Climate
Research Does Not Remove the Uncertainty: Coping With The Risks of Climate
Change.” The title pretty well sums up our hearing topic today.

The primary point of this paper is that climate change is happening and it poses
financial risks. We still are unclear on how much of that change is natural and how
much is human-induced. But for the insurance industry and their customers,
CAUSES are of secondary importance in the face of weather-related losses.

As we examine the risk question, and as we consider the entirety of the climate
change debate, we should focus more attention on economic risk posed by any cli-
mate change—natural or human induced. The study points out that our “vulner-
ability to extreme weather conditions is increasing.” This is because in a global
economy, local weather can have international consequences.

An example Swiss Re points to is the flooding of a Far East computer chip factory,
causing supply bottlenecks for the entire technology sector.

The paper points out that climate change is not needed for that example to occur.
But, evidence shows that human interference in the climate system exacerbates the
problem already caused by natural climate change. The difference between natural
variation in the climate, and natural variation coupled with human influences may
be small. We don’t know yet—the scientists will continue to try to answer that ques-
tion.

There are small differences between forces that can cause either negligible dam-
age or catastrophic loss. These are the intelligent thoughts of experienced business-
men and women—people not driven by any political agenda. Their jobs are to AC-
CURATELY assess the economic risks posed by climate conditions—and they pro-
vide an excellent perspective for us to consider. I would like to share one last quote
from the paper,

“The climate problem cannot be ignored, nor will it be solved merely by calls
for optimum climate protection. We need to find ways of implementing the nec-
essary climate protection measures in a manner which is both socially and eco-
nomically acceptable.”

I believe that is reasonable counsel and even though I doubt the authors ever in-
tended it for this committee, I would urge that we heed their advice.
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Given the potential risks, we must begin to explore reasonable ways of mitigating
the potential economic damages—regardless of the causes of the climate change. I
have strongly advocated a system based on incentives for innovative measures to
reduce greenhouse gases.

I believe that capitalizing on innovation and the free market will meet whatever
challenges are presented—we should think “out of the box.”

I don’t believe that it is necessary to regulate—through command-and-control—
carbon at power plants to cut atmospheric levels of greenhouse gases. We don’t have
to create economic damage as means to avoid economic and environmental risks.
There are other ways.

And we shouldn’t be in the business of choosing winners and losers.

Regardless of whatever the policy answer is—one thing is for certain: absent a
bipartisan approach, we will achieve nothing. We cannot allow politics to trump rea-
son and success.

Fortunately, this committee has a long tradition of bipartisanship. I can assure
you this—if a partisan approach is followed on this committee with this, or any
other issue, the only thing that will be achieved is failure—what a terrible legacy
that would be. There is tremendous diversity of opinion in this room on how to ad-
dress these issues. That diversity is both valuable and a challenge.

But, this isn’t the first time this committee has been faced with such a challenge.
When people put political agendas aside and are willing to work toward a construc-
tive solution, we ultimately find common ground. I have done my best to work on
all environmental legislation applying the principles of cooperation, partnership,
and bipartisanship.

It is my hope, Mr. Chairman, that we will continue to work together and find a
good solution.

Thank you.

Senator JEFFORDS. Our first witness is Dr. F. Sherwood Rowland,
the Donald Bren Research professor of chemistry and earth system
science, the University of California.

Please proceed.

STATEMENT OF F. SHERWOOD ROWLAND, DONALD BREN RE-
SEARCH PROFESSOR OF CHEMISTRY AND EARTH SCIENCE,
UNIVERSITY OF CALIFORNIA IRVINE, IRVINE, CA

Mr. ROWLAND. I'm pleased to be here to testify to your com-
mittee, Senator Jeffords.

To Senator Voinovich, I will just say that I grew up in Ohio and
my undergraduate education was at Ohio Wesleyan University.

I am here really as a member of a committee that was appointed
by the National Academy of Sciences and made a report to the
White House last June. I am an atmospheric scientist, and I will
tell you something about that report.

A natural greenhouse effect has existed in Earth’s atmosphere
for thousands of years, warming the Earth’s surface by a global av-
erage of 57 °F. During the 20th century, the atmospheric concentra-
tions of a number of greenhouse gases have increased, mostly be-
cause of the actions of mankind.

Our current concern is not whether there is a greenhouse effect,
because there is one, but rather how large will be the enhanced
greenhouse effect from the additional accumulation in the atmos-
phere of these greenhouse gases.

Daily, the Earth intercepts energy from the sun, much of it in
the visible wavelengths corresponding to the spectrum of colors
from red to violet and the rest in ultraviolet and nearby infrared
wavelengths. An equal amount of energy must escape from the
Earth daily to maintain a balance, but this energy emission is con-
trolled by the much cooler average surface temperature of the
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E%rth and occurs in wavelengths in what is called the “far infra-
red.”

If all of this terrestrially emitted infrared radiation were able to
escape directly to space, then the required average temperature of
the Earth would be 0°F. However, the greenhouse gases—carbon
dioxide, CO2, methane, nitrous oxide, and others—selectively inter-
cept some of this far infrared radiation, preventing its escape. A
warmer Earth emits more infrared radiation and Earth with an av-
erage surface temperature of 57 °F was able to make up the short-
fall from greenhouse gas absorption. However, at first slowly dur-
ing the 19th century and then more rapidly during the 20th cen-
tury, the atmospheric concentrations of these greenhouse gases in-
creased, often because of the activities of mankind.

Other greenhouse gases have also been added, such as the
chlorofluorocarbons, or CFCs, and tropospheric ozone. With more of
these gases present in the atmosphere, more infrared will be inter-
cepted and a further temperature increase will be required to
maintain the energy balance.

Carbon dioxide is released by the combustion of fossil fuels—coal,
oil, and natural gas—and its atmospheric concentration has in-
creased from about 280 ppm as the 19th century began to 315 ppm
in 1958 and 370 ppm now.

Water is actually the most significant greenhouse gas in absorb-
ing infrared radiation, but the amount of gaseous water is con-
trolled by the temperature of the world’s oceans and lakes.

Methane has a natural source from swamps, but is also released
during agricultural activities—for example, from rice paddies while
flooded and from cows and other ruminant animals and by other
processes—and has increased from about 0.7 ppm in the early
1800’s to 1.5 ppm around 1978 and 1.77 ppm currently.

Nitrous oxide concentrations grew from 0.27 to 0.31 ppm during
the 20th century, formed by microbial action in soils and waters on
niltrogen-containing compounds, including nitrogen-containing fer-
tilizers.

The chlorofluorocarbons or CFCs were not a natural part of the
atmosphere but were first synthesized in 1928 and were then ap-
plied to a variety of uses—propellant gases for aerosol sprays, re-
frigerants in home refrigerators and automobile air conditioners,
industrial solvents, manufacture of plastic foams, etc.

The CFC concentrations started from zero concentration in the
1920’s and rose rapidly during the latter part of the 20th century
until the early 1990’s. They are no longer increasing because of the
Montreal Protocol, an international ban on their further manufac-
ture.

Tropospheric ozone is a globally important compound formed by
photochemical reactions as a part of urban smog in hundreds of cit-
ies. Other potential influences on temperature changes for which
the global average data are still very sparse include the concentra-
tions of particulate matter, such as sulfate and black carbon
aerosols.

Measurements of surface temperatures only became sufficiently
broad in geographical coverage about 1860 to permit global aver-
aging, with improved coverage as the years passed. The globally
averaged surface temperature increased about 1.1°F during the
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20th century, with about half of this change occurring during the
last 25 years. The year 1998 was the warmest year globally in the
entire 140-year record, and the 1990’s were the warmest decade.

Fluctuations in solar activity have been directly observed since
the invention of the telescope 400 years ago, but accurate, direct
measurements of total solar energy output have only been possible
with the advent of satellite measurements in the late 1970’s. These
satellite data exhibit a small but definite cyclic variation over the
last two decades, paralleling the 11-year solar sun spot cycle, but
with little long-term difference in solar energy output contem-
porary with the rising global temperatures of the past two decades.

Predictions of future temperature responses require atmospheric
model calculations which effectively simulate the past and then are
extrapolated into the future with appropriate estimates of the fu-
ture changes in atmospheric greenhouse gas concentrations. These
models calculate the direct temperature increases that additional
greenhouse gases will cause and the further feedbacks induced by
these temperature changes. One of the most prominent of these
feedbacks is the change in albedo, or surface reflectivity, in the
polar north. When melting ice is replaced by open water, or melting
snow replaced by bare ground, less solar radiation is reflected back
to space and more remains at the surface, causing a further tem-
perature increase.

The models also assume that more water will remain in the at-
mosphere in response to the temperature increases, providing an-
other positive feedback.

There is an additional possible feedback from the changes in
clouds—amount, composition, altitude. In present models, the cloud
feedback is assumed to be small, but data for better evaluation are
very difficult to obtain.

Extrapolations for 50 or 100 years in the future necessarily in-
clude hypotheses about future societal developments, including
population growth, economic activity, etc. The Intergovernmental
Panel on Climate Change, or IPCC, developed a large set of sce-
narios about the possible course of these events over the next cen-
tury, with resulting model calculations of globally averaged tem-
perature increases for the year 2100 relative to 1990, ranging from
2.5°F to 10.4°F, or 1.4°C to 5.8 °C. These results were only a small
part of the three IPCC reports issued during the year 2001 about
climate change. Volume I of the IPCC reports treated the scientific
bases; Volume II covered impacts, adaptation, and vulnerability;
and Volume III, mitigation.

The National Academy of Sciences, in response to a May 2001,
request from the White House and following discussions between
the Administration and the Academy over some questions raised by
the former, convened an 11-member scientific panel, which issued
in June a 24-page report, “Climate Change Science: An Analysis of
Some Key Questions,” from a select committee of atmospheric sci-
entists. I quote the first few sentences of this report and have ap-
pended the entire represent to this testimony. Many of these words
were repeated by Senator Jeffords.

“Greenhouse gases are accumulating in Earth’s atmosphere as a
result of human activities, causing surface air temperatures and
sub-surface ocean temperatures to rise. Temperatures are, in fact,
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rising. The changes observed over the last several decades are like-
ly mostly due to human activities, but we cannot rule out that
some significant part of these changes is also a reflection of natural
variability.”

The increasing global temperatures will have many con-
sequences, often adverse in the long run. Because many of the
causes of this temperature increase have their origin in the activi-
ties of mankind, actions can and should now be taken which will
slow this rate of increase. I should say the last words are mine and
not the Academy report. I think that we need to start taking ac-
tions that will ameliorate the problems of the greenhouse gases.

Thank you.

Senator JEFFORDS. Thank you very much, Dr. Rowland.

I think we will go through all of the witnesses first before ques-
tions.

Our second witness is Roger A. Pielke, Jr., associate professor,
Center for Science and Technology Policy Research at the Univer-
sity of Colorado/Cooperative Institute for Research in Environ-
mental Sciences in Boulder.

Go ahead.

STATEMENT OF ROGER A. PIELKE, JR., ASSOCIATE PRO-
FESSOR, CENTER FOR SCIENCE AND TECHNOLOGY POLICY
RESEARCH, UNIVERSITY OF COLORADO/COOPERATIVE IN-
STITUTE FOR RESEARCH IN ENVIRONMENTAL SCIENCES,
BOULDER, CO

Mr. PIELKE. Thank you. I'd like to thank Chairman Jeffords and
the committee for the opportunity to offer testimony this morning.

My name is Roger Pielke, Jr., and I am from the University of
Colorado. On page 7 of my testimony, you’ll find more details on
my background.

In the time I have available, I would like to highlight the take-
home points from my testimony. These are developed in greater de-
tail in the written testimony and also in the peer-reviewed sci-
entific papers on which they are based.

Before I proceed, I want to say that everything I'll present today
is consistent with the NRC report that Dr. Rowland referred to and
the IPCC, so it is starting with those scientific background docu-
ments as a starting point. There is no need—I agree with some of
the statements made earlier—mo need to question the level of
science in those reports; however, as you will hear from me mo-
meintarily, it does lead to a range of different interpretations for
policy.

The take-home points:

First, weather and climate have increasing impacts on economies
and people around the world. Data is scattered, hard to come by,
but the picture we are able to put together, largely based on eco-
nomic data, is that the impacts are growing. I think the Swiss Re
report you referred to and the insurance industry would back that
up.

The primary cause for that growth in impacts is the increasing
vulnerability of human and environmental systems to climate vari-
ability and change, not changes in climate, per se. This is not to
say that climate does not change or has not changed or will not
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continue to change. This is only to say that when we look at the
sensitivity of impacts to the various factors that lead to impacts,
it takes both a climate event and an exposed society or exposed en-
vironment to lead to impacts.

This is shown dramatically on page 3, figure 3, of my testimony,
where I show a picture of Miami Beach from 1926 and a picture
of Miami Beach from near the present, near 2000. Not only does
climate change, but society changes.

Taking the assumptions of the IPCC figure 6 on page 4, we com-
pare the relative sensitivities of economic losses to tropical cyclones
to society factors versus climate factors and find societal factors
under the assumptions of the IPCC range from the 22-to-1 to a 60-
to-1 increased, larger sensitivity than the climate impacts.

Again, not to discount the possibility of climate change, but to
say to understand climate change we have to put it into the context
of societal change.

To address increasing vulnerability and the growing impacts that
result would require a broader conception of climate policy than
now dominates the debate. We could do a whole lot to energy policy
and not do very much to address the growing risk of climate
change, climate variability to economies, people, and the environ-
ment around the world.

Therefore, we must begin to consider adaptation to climate to be
as important as matters of energy policy when we talk about re-
sponse options. Present discussion all but completely neglects adap-
tation to climate. Increased attention to adaptation would not
mean that we should ignore energy policies or reduce the intensity
which we want to improve energy policies, but instead it would be
a recognition of the fact that changes in energy policy are insuffi-
cient to address the primary reasons underlying the trends and the
societal impacts of weather and climate.

Again, another point to emphasize is my testimony is focused on
the societal and economic impacts today. It is not focused on the
environmental or ecological impacts of climate.

The Nation’s investments in research, which I should say are
considerable in the area of climate change, in my opinion could
more efficiently focused on producing usable information for deci-
sionmakers seeking to reduce vulnerabilities to climate.

Specifically, the present research agenda is focused, in my view,
improperly on prediction of the distant climate future. We can
spend a lot of money on research and argue for a long time what
the climate future will be 50 to 100 years from now. The real test
of what the climate future will be is when we actually experience
the climate of that time.

Instead, I would suggest we are neglecting what are traditionally
called “no regrets adaptation and mitigation opportunities.” Instead
of arguing about global warming, yes or no, the degree of risk in
the far-distant future, we might be better served by addressing
things like the present drought that is developing in the Northeast,
for which, again, energy policy will not do much to mitigate.

In closing, I would like to leave you with the thought that cli-
mate change is much too important a topic to equate solely with
energy policy. The last figure in my testimony, figure 7 on page 6,
illustrates schematically how we might think about energy policy
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and climate policy, which do, indeed, have important overlaps but
are not the same topic.

Thank you very much.

Senator JEFFORDS. Thank you, Doctor.

Our next witness is David Legates, a Ph.D. and C.C.M., director
of the Center for Climatic Research, the University of Delaware,
Newark, DE.

Please proceed.

STATEMENT OF DAVID R. LEGATES, DIRECTOR, CENTER FOR
CLIMATIC RESEARCH, UNIVERSITY OF DELAWARE, NEWARK,
DE

Mr. LEGATES. I would like to thank Senator Jeffords and the
committee for inviting my commentary on this important topic. My
basic background in research has been in precipitation, so you’ll
probably guess that I'm going to focus primarily on precipitation,
and precipitation variability. With rain outside, it is probably a
good topic to bring up today.

In my written testimony, I discuss some of the problems associ-
ated with determining climate change from both climate models
and observations. In my limited presentation here, I'm going to ex-
amine an issue, which I feel focuses on an important environ-
mental risk that we face—human-induced changes in climatic ex-
tremes—droughts, floods, and storminess.

Do climate models well represent the Earth’s climate? Well, on
three separate occasions, I have reviewed the ability of state-of-the-
art climate models to simulate regional scale precipitation. The
models poorly reproduce the observed precipitation, and that char-
acter of the models had not substantially changed over time. But,
more importantly, climate models simply do not exhibit the ob-
served variability. Both air temperature and precipitation exhibit
little year-to-year fluctuation, which is quite unlike what we pres-
ently experience. This is crucial, because climatic extremes and not
their mean values have the largest economic and environmental
impacts.

Simply put, climate models cannot address issues associated with
changes in the frequency of extreme events because they fail to
simulate storm scale systems or to exhibit the observed variability.
Moreover, many extreme weather events are so uncommon that we
simply cannot determine their statistical frequency from the ob-
served record, let alone determine how that frequency has changed
over time. Determining anthropogenic changes in extreme weather
events, either from modeling or observational standpoints, there-
fore, is nearly impossible.

Furthermore, it is unclear how much should be attributed to an-
thropogenic increases in atmospheric trace gases and how much
will be simply a result of natural variability or measurement bi-
ases.

So I ask: is there a cause for concern that anthropogenic warm-
ing will lead to more occurrences of floods, droughts, and stormi-
ness? I point to the latest Intergovernmental Panel on Climate
Change, the IPCC, Summary for Policymakers, which states that,
“Global warming is likely to lead to greater extremes of drying and
heavy rainfall and increase the risk of droughts and floods.”
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The mainstream media has frequently echoed this enhanced hy-
drologic cycle scenario; however, if one carefully reads the IPCC
Technical Summary, you will find an admission that, “There is no
compelling evidence to indicate that the characteristics of tropical
and extra-tropical storms have changed. Recent analysis of changes
in severe local weather do not provide compelling evidence to sug-
gest long-term changes. In general, trends in severe weather events
are notoriously difficult to detect because of their relatively rare oc-
currence and large spatial variability.”

The IPCC further goes on to state that areas experiencing severe
drought to severe wetness increased only to a small degree over the
entire 20th century. Tom Karl and Richard Knight have concluded
that as the climate has warmed, precipitation variability actually
has decreased across much of the Northern hemisphere’s mid-lati-
tudes. Bruce Hayden, writing for the Water Sector of U.S. National
Assessment, argues that little can or should be said about change
in storminess in carbon-dioxide-enriched years.

Sinclair and Watterson recently noted that increased levels of at-
mospheric trace gases generally leads to a marked decrease in the
occurrence of intense mid-latitude storms.

Clearly, claims that a warmer world will lead to more occur-
rences of droughts, floods, and storms are exaggerated.

So what should we do? I feel first we must continue to develop
and preserve efforts at climate monitoring and climate change de-
tection. Efforts to establish new global climate observing systems
are useful, but we must preserve the stations that we presently
have. There simply is no surrogate for a long-term climate record
taken with the same instrumentation and located in essentially the
same environmental conditions.

However, given that oceans cover nearly three-quarters of the
Earth’s surface, we must further develop satellite methods for mon-
itoring the Earth’s climate. We also need to better utilize a na-
tional network of WSR-88D, Nexrad weather radars to monitor
precipitation and its variability.

But foremost we must focus on developing methods and policy
that can directly save lives and can mitigate the economic devasta-
tion that often is associated with specific weather-related events.

Climate change discussions usually focus on increases in mean
air temperatures or percentage changes in mean precipitation, but
it is not changes in the mean fields on which we need to place our
efforts. Loss of life and adverse economic and environmental impact
occurs not when conditions are normal, but rather they occur as a
result of extreme climatic events—floods, droughts, storms at all
spatial scales. One thing I can guarantee is that, regardless of
what impact anthropogenic increases in atmospheric trace gases
will have, extreme weather events will continue to be a part of our
life and they will continue to cause the most weather-related
deaths and have the largest weather-related economic impacts.

Thus, we must focus on providing real-time monitoring of envi-
ronmental conditions, which will yield to important benefits. First,
it will provide immediate data to allow decisionmakers to make in-
formed choices to protect citizens faced with these extreme weather
events, and, if installed and maintained properly, it will assist with
our long-term climate monitoring goals.



17

For example, the State of Delaware has undertaken a project to
develop the most-comprehensive, highest-resolution, State-wide
weather monitoring system available anywhere using our high-res-
olution weather data system technology.

So I conclude, therefore, that, regardless of what the future
holds, employing real-time systems with a firm commitment to sup-
porting and maintaining long-term climate monitoring goals is our
best opportunity to reduce the risk of weather-related events on
human activities.

I again thank the committee for inviting my commentary.

Senator JEFFORDS. Thank you.

Our next witness is Mr. Adam Markham, executive director of
the Clean Air-Cool Planet, Portsmouth, NH.

Please proceed.

STATEMENT OF ADAM MARKHAM, EXECUTIVE DIRECTOR,
CLEAN AIR-COOL PLANET, PORTSMOUTH, NH

Mr. MARKHAM. Good morning, Mr. Chairman and members of
the committee. Thank you for inviting me here today. My name is
Adam Markham. I am the executive director of Clean Air-Cool
Planet.

There is compelling evidence and sound science to suggest that
there are significant and severe risks to continued greenhouse gas
emissions to the atmosphere. Future warming scenarios described
in the New England Regional Assessment that Senator Smith just
referenced give a 6 °F to 10 °F range for warming over the next cen-
tury for New England. Such a change would result in Boston get-
ting the climate of Richmond, VA, in the best case, and that of At-
lanta, GA, in the worst case.

Risks identified in the regional assessment include a major
threat to the maple syrup industry that Senator Jeffords men-
tioned. According to the most credible forest models, the sugar
maple is one of the most sensitive trees to warming temperatures.
Business-as-usual emission scenarios are almost certain to eventu-
ally drive the sugar maple northwards out of New England, en-
tirely. For Vermont, alone, maple syrup is a more than $100 mil-
hion industry, with over 2,000 mainly family-owned sugar pro-

ucers.

A change in climate may also have severe repercussions for New
England’s winter tourism economy. A recent study of the past 19
years of weather data for the two most ski-dependent economies in
New England, Vermont and New Hampshire, showed an average
of 700,000 fewer ski visits in the years with the worst snow condi-
tions. In New Hampshire, the industry generated $566 million in
visitor spending in the year 2000, and it creates more than 10 per-
cent of the State’s winter jobs.

The indications are not good. There has been a 15 percent de-
crease in snowfall in northern New England since 1953.

Climate models also suggest that in the longer term global
warming will transform the conifer forests of northern New Eng-
land into the type of forests now found further south. The condi-
tions that currently support northern hardwood forests, their habi-
tats, and their wildlife will shift up to 300 miles north during the
next 100 years, potentially causing the loss of these forests or their
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transformation into other types of forests over much of the land-
scape. More than 300,000 people in New England and New York
are employed in the forest sector and would likely be affected by
these sorts of changes.

Public health, too, is at risk. For example, 60,000 hikers a year
visit Mt. Washington and the major peaks of the White Mountains.
On hot summer days, air pollution poses a threat to hikers, espe-
cially at elevations above 3,000 feet. According to the regional as-
sessment, there is a striking correlation between hot days—that’s
warmer than 90 °F—and high levels of ozone pollution.

Lyme disease is also a risk for people outdoors, and is on the in-
crease in New York and parts of New England. Research on ticks
suggests that warmer winters could increase the instance of Lyme
disease and push its range further into northern New England.

Heat waves kill more people in the United States than hurri-
canes, flooding, or tornadoes. Heat-related deaths in the summer
time could double under likely U.S. global warming scenarios. The
poor, elderly populations are at particular risk, and northern cities
may also be more at risk because people are less adapted to high
temperatures.

The cost of climate impact in the coastal zones may be particu-
larly large. Sea levels are currently rising at about a foot per cen-
tury. This rate is increasing. The State of New Hampshire recently
calculated that this will significantly increase the area of sea coast
vulnerable to flooding and could turn 100-year storms into 10-year
storms, or the damage from 10-year storms.

On the positive side, the Northeast States have long been leaders
in reducing air pollution. New York’s green building law, New
Hampshire’s greenhouse gas registry, and Massachusetts’ full pol-
lutant regulation were all firsts. Connecticut is at the forefront of
efforts to support the development of commercial fuel cell tech-
nologies, and Efficiency Vermont is the Nation’s first public energy
efficiency utility. A first in the Nation bipartisan full pollutant bill
recently passed strongly in the New Hampshire House.

In August 2001, the New England Governors and eastern Cana-
dian premiers signed a climate change action plan with the ambi-
tious, long-term goal of reducing greenhouse gases by 75 to 85 per-
cent from current levels. Thirty-five cities and counties in the re-
gion have passed resolutions pledging to reduce greenhouse gas
emissions and implement local climate action plans, and many
businesses in the Northeast are convincingly demonstrating that
common-sense investments in energy saving can pay off hand-
somely.

All over New England and the Northeast individuals, institu-
tions, and corporations are inventing, exploring, and implementing
innovative solutions to climate change, but this is not enough.
Without effective national legislation, regional efforts such as those
in the northeast will founder and may ultimately fail.

Energy efficiency and alternative fuels may be the real roots to
energy security. If we are serious about reducing our reliance on
foreign oil and about competing in world markets, we must produce
more-efficient automobiles. If we want energy security and more
jobs, we should aim to be producing 20 percent of our electricity
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from renewable resources by 2020. Federal controls on CO2 I be-
lieve are essential and urgently needed.

If greenhouse gases are not curbed, climate change will likely
transform the character of many of the things in New England that
those of us who live there hold dear. The loss of sugar maples,
changes in the northern forests, warmer winters, more frequent
heat waves, and the distribution of coastal wetlands may eventu-
ally deliver a body blow to much of the region’s character and econ-
omy.

Thank you for inviting me here today.

Senator JEFFORDS. Thank you, Mr. Markham.

Our next witness is Sallie Baliunas, astrophysicist from Harvard-
Smithsonian Center for Astrophysics.

Thank you for coming, and please proceed.

STATEMENT OF SALLIE BALIUNAS, ASTROPHYSICIST, HAR-
VARD-SMITHSONIAN CENTER FOR ASTROPHYSICS, CAM-
BRIDGE, MA

Ms. BaLiunas. Thank you, Senator, and committee members for
inviting me here. I've worked for 25 years studying the changes in
the sun and the impact on life and climate of Earth.

The human effect on global warming remains a very serious sci-
entific matter. A simulation that looks at the effect of the imple-
mentation of the Kyoto Protocol is included in my testimony. This
is the Hadley Center’s simulation for temperature change in the
next 50 years, calling for a 1°C rise in temperature. Implementing
a Kyoto-type cut would avert the temperature rise by the year 2050
by only .06°C. That shows that if the human concentrations of
greenhouse gases in the atmosphere are a major problem, then
much more steeper cuts than outline din the Kyoto Protocol are
warranted, yet the Kyoto Protocol, itself, runs costs in most anal-
ysis of $100 to $400 billion a year, not insignificant.

That means that science remains critical to helping address this
issue, and one key scientific question is: What has been the re-
sponse of climate thus far to the small amount of energy that has
been added by humans from greenhouse gases in the air?

Now, there has been substantial new Federal investment made
very wisely, especially in space-based instrumentation, to address
this key issue. The two capital tests that I talk about in my testi-
mony are comparing the record of the surface temperature, which
has warmed over the past 20 years, and the record of the lowest
layer of air from about 5,000 to 28,000 feet.

The surface temperature has warmed in the 20th century, but
there are three phases to the surface temperature record. There
was a warming early in the 20th century, before most of the green-
house gases were put into the air, peaking around 1940, followed
by a cooling until the late 1970’s, and then a recent warming.

Now, the recent surface warming may, indeed, have a human
component, but the recent surface warming is about .1°¥ mep
deyade, avd AT COOAS oeT v OTIMEP ALULT TO CNOIT TNE NOUoY eddeyT
COOAd Be. Ayybubroted owep o YevtOpv, TNt 60yyesto 1 °W copuivy.

Now, the computer simulations estimate more warming than
that, but, in fact, that warming, seen from the surface, may not be
primarily human at all. The computer simulations insist, or science
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insists, that not only the surface layer but the layer of air just
above it must warm. Both must warm, and, in fact, the layer of air
in the lower troposphere must warm faster and greater and much
more steeply than the surface layer.

Those records have been brought before this committee before by
John Christy. The NASA microwave sounder unit experiments
aboard satellites now go back 21 years and cover essentially most
of the Earth. Professor Christy’s latest charts are shown in my tes-
timony. The striking thing about the lower layer of air is that there
are significant variations in temperature. On short time scales, for
example, the very large El Nino warming pulse of 1997-98, but
there is no long-term warming trend that is very significant, as
forecast by the computer models. It is much smaller. The most
warming that can be seen in the data of the lowest troposphere are
.04 °C per decade.

Those satellite results, as you know from Professor Christy’s pre-
vious testimonies, are validated by independent records made by
radio sounds aboard balloons. Those records go back to 1957, which
is a period that includes the recent rapid rise in the air’s green-
house gas concentration.

The balloon radio sound records and the satellite records both
agree that there is no significant warming that can be attributed
to human activities in the last 20 years or the last 40 years.

There is a very strong warming pulse called the “Great Pacific
Climate Shift” apparent in the radio sound record in 1976-77, but
so far no one can attribute that to human causes because it is
something that the Pacific Ocean has been observed to do every 20
or 30 years prior to the great increase in greenhouse gases in the
atmosphere.

Now, this is all good news. It means that the human global
warming effect, if it is small—the best and most reliable data says
that its amplitude is small and slow to develop, so that is creating
a window of time and opportunity to continue to improve the obser-
vations of the computer simulations and to make better measure-
ments of climate characteristics that are needed to address this
issue. These remain essential to the problem of what to do.

Proposals like the Kyoto agreement to sharply cut greenhouse
gas emissions are not enough, atmospherically speaking, yet tem-
perature speaking the impacts have not shown up at the degree to
which the models say that they should.

These cost estimates are severe, and these costs would fall dis-
proportionately on America’s poor and the world’s elderly and poor,
besides America’s. So the window of opportunity is to continue the
observations in order to better define the human magnitude of
global warming, but our best and most reliable evidence says that
it is quite small and slow to grow to date.

Senator JEFFORDS. Our next witness is Dr. Martin Whittaker,
managing director of Innovest, Richmond Hill, Ontario, Canada.

Please proceed and welcome here.

STATEMENT OF MARTIN WHITTAKER, MANAGING DIRECTOR,
INNOVEST, RICHMOND HILL, ONTARIO, CANADA

Mr. WHITTAKER. Thank you and good morning. We are very
pleased and honored to be here, especially pleased because we
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think we have a story to tell that creates a positive link between
corporate environmental performance and financial performance.

We are a pure research investment house. Our business is to pro-
vide impartial research to Wall Street on corporate, environmental,
and social performance as it affects financial performance and
shareholder value.

Climate change is an issue which cuts across all our research
and one that seems to be of rising importance to the companies and
to investors, alike. It is also an issue where the financial industry
can play a positive leadership role, and I draw the committee’s at-
tention to the World Economic Forum held in Davos in February
2000, “The greatest challenge facing the world at the beginning of
the 21st century is climate change. Not only is climate change the
world’s most pressing problem, it is also the issue where business
could most effectively adopt a leadership role.”

We see climate change as a source of business risk and oppor-
tunity—risk to both exposure to weather extremes, for example, in
the insurance business, where each year now brings about 5.5
times as many weather-related natural disasters as 40 years ago,
resulting in 13.6 times the insurance losses—that’s according to
Munich Re—but also risks to government policies to constrain
greenhouse gas emissions, for example, in heavy greenhouse-gas-
emitting industries, but also the opportunities through energy effi-
ciency where companies can gain tangible financial benefits from
energy efficiency measures, which also lower emissions, and also,
of course, in the growing clean energy markets.

California, alone, has almost, I think, about $1 billion in export
sales now in clean technologies, and that market will grow if we
shift gradually toward a cleaner technology base.

This yin-yang risk opportunity image provides fiduciaries and
companies with an opportunity not only to hedge emissions, hedge
their exposures, but also to potentially increase their risks through
a compounded effect. I'll explain that in a second.

I want to pick out five key combinations of trends from the sub-
mission that I made, which really explain why I think business at-
tention is being more squarely focused on this climate change
issue.

Growing sophistication in the understanding of the scientific im-
pacts, as we've heard today, and a need really to see beyond Kyoto
insofar as the wider sustainability context affects future green-
house gas emissions. We think Kyoto is a critical first step toward
that in focusing attention, but also the idea that economic win/win
situations do exist and are there. We don’t have time to go into
them today, but we can certainly draw the committee’s attention
to examples of that.

Second, new thinking on the breadth of sectoral impacts. Risks
are not just faced by greenhouse-gas-intensive heavy industries,
but, as you’ve heard today, also tourism, agriculture, real estate,
building materials, and, of course, finance, which is the sector we
serve, but also, as regards the company impacts, we are seeing in-
creasing differentials between companies, and so company strategy
here can translate into future final performance, we think.

A third trend is really an evolution of the term “fiduciary respon-
sibility” and the need to incorporate environmental and social
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issues into investment decisionmaking because they affect financial
performance. This has been driven by the evolution of socially re-
sponsible investing, but it is now entering the mainstream, and the
formation of the carbon disclosure project, which is a coalition of
institutional investors now over $2 trillion in assets under manage-
ment, are now engaged with, I think, 500 of the world’s largest
companies as shareholders to say, “This is a business risk issue.
What are you doing?”

I think also this year we are going to see both the city of New
York and the State of Connecticut will be filing shareholder resolu-
tions on climate change in an effort to encourage greater trans-
parency on that issue.

The fourth trend set is regulatory momentum both here and
abroad. U.S. companies working in the United Kingdom, for exam-
ple, in Europe, will be abiding by the regulations in those regions.
That, I think, is a key reason why corporate attention is being fo-
cused on this issue, even though domestic support of Kyoto has
waned, to say the least.

Last, the growing importance of disclosure, in general, to inves-
tors on hidden liabilities. Climate change liabilities may well fall
under this rubric. The market is jittery over perceived corporate
environmental performance and transgressions, and climate change
liabilities may well be included there.

So I'd just like to wrap up with two recommendations, I suppose.
We are a great believer in the power of the markets and creating
a virtual circle whereby corporate environmental performance can
be encouraged by financial institutions seeking that from their
investee companies.

The effect of light regulatory action in the United Kingdom on
requiring institutional investors to disclose their possession on so-
cial and environmental issues has had a tremendous effect in focus-
ing business attention on these issues, and similar requirement on
climate change in the spirit of the carbon disclosure project that I
mentioned may well encourage investee company leadership on this
issue and encourage the creation of carbon risk screening tools
within the financial community.

I think we need to also finally educate the marketplace, the in-
vestment community certainly, but also companies and small- or
medium-sized enterprises to encourage them to become more cli-
mate literate. The financial services industry can play a key role
in that, and I think that if there is a message here it is: If we can
get the political and investment communities working together to
finance solutions, we would be on the right track, instead of getting
bogged down in the nuances of the Kyoto Protocol.

Thank you.

Senator JEFFORDS. Thank you, Mr. Whittaker.

Our next and last witness is Jack D. Cogen, president of
Natsource, New York, NY.

Please proceed.

STATEMENT OF JACK D. COGEN, PRESIDENT, NATSOURCE,
NEW YORK, NY

Mr. CoGEN. Good morning, Mr. Chairman and members of the
committee. Thank you for inviting me to testify.
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My name is Jack Cogen. I am president of Natsource, LLC, an
energy and environmental commodity broker headquartered in
New York City with offices in Washington, DC., Europe, Japan,
Canada, and Australia.

My testimony will address the financial risk associated with cli-
mate change policy.

At the outset, I want to acknowledge that there are legitimate
differences of opinion as to what should be the nature, degree, and
timing of policy responses to the risk associated with climate
change, itself. However, the role of Natsource is to work with cli-
ents who decide it is in their best interest to evaluate the extent
of their financial exposure under possible greenhouse gas policies.
Oulr1 clients make the threshold decision that they are at risk finan-
cially.

After that, the next step for them is to analyze the extent of their
financial risk and develop strategies that make sense for mitigating
that risk. Natsource contributes its policy and market expertise to
helping clients assess and manage risk.

The client base of Natsource includes multi-national corpora-
tions, as well as foreign and domestic firms. Natsource assists them
in quantifying their financial exposure under different policies that
might be adopted to limit greenhouse gas emissions.

Our experience indicates that companies consider a variety of
factors when they weigh the degree of risk they face and what to
do about it. The primary factors are, No. 1, the probability they
will be subject to emission limitation policies; and, No. 2, the poten-
tial direct and indirect costs of those policies to the company.

Natsource provides analysis, strategic advice, and market intel-
ligence once a company decides to undertake a comprehensive risk
assessment. Generally, we help clients assess their financial expo-
sure by identifying policies that might be adopted, assigning prob-
abilities to those policies—in other words, we’re handicapping the
committee—quantifying the net emissions shortfall or surplus the
company faces under each policy, and estimating potential compli-
ance cost based on the company’s emissions profile, internal reduc-
tion opportunities, and our knowledge of various commodities avail-
able in the greenhouse gas emission markets.

Multi-national companies face an especially complicated risk, be-
cause they operate across multiple jurisdictions with different poli-
cies. In addition, many of these companies must evaluate the effect
of climate change policies on the market demand for their products
in different countries.

If potential compliance costs are substantial and the probability
of emission limitations is significant enough, the next step for
many companies is to develop a cost-effective risk management
strategy. This involves assembling an optimal mix of measures for
reducing of offsetting emissions. These include internal and exter-
nal emission reduction projects, internal emission trading pro-
grams, and the use of external trading markets.

Companies choose to undertake emission reduction measures in
spite of or because of policy uncertainty for a variety of reasons, in-
cluding to reduce future compliance cost, gain experience in the
greenhouse gas markets, maintain or enhance their environmental
image, and place a value on internal reduction opportunities.



24

Greenhouse gas markets are evolving and will continue to evolve
over the next several years. In the future, these markets will func-
tion more smoothly and with lower transaction costs as greenhouse
gas policies become clearer and markets become more liquid.

Even now, more-sophisticated financial instruments such as call
options are being used as a hedge against risk. Natsource recently
complete the first comprehensive analysis of the greenhouse gas
trading market for the World Bank. The analysis identified ap-
proximately 60 greenhouse gas transactions involving some 55 mil-
lion tons of emissions. These numbers actually under-estimate the
total number of transactions, because they do not include internal
only transactions and small volume transactions.

Current market prices for greenhouse gas commodities range
from less than $1 to over $9 per ton of carbon dioxide equivalent,
depending on the type of commodity and vintage. I will add that
the United Kingdom just over the past 2 days completed their auc-
tion for emission allowances in the direct sector there. The price
has not yet been released, but the after market is already saying
that you can buy a U.K. emissions allowance for 7 pounds per met-
ric ton. You will find, by the way, that that will turn out to be
much lower than the price that the U.K. government paid for them.

In conclusion, Mr. Chairman, a small but growing number of
companies are beginning to more carefully analyze their financial
risk under possible greenhouse gas policies. For a variety of rea-
sons, some companies have decided to take steps now to reduce
emissions, even though final policy decisions in most cases are still
pending. As a consequence, these companies are able to take ad-
vantage of cost-effective opportunities provided by the market to re-
duce their financial exposure.

As the acid rate allowance system has demonstrated, emissions
trading provides flexibility that can significantly lower the cost of
emission reductions.

That concludes my remarks, Mr. Chairman. I would be glad to
ﬂnswer any questions you or other members of the committee may

ave.

Senator JEFFORDS. Thank you.

Thank all of the witnesses for very excellent and stimulating tes-
timony.

Now it comes our time to have a chance to have a little dialog,
and perhaps pursue our own specific desires, but, more hopefully
and more importantly, further allow our understanding of what is
going on.

Dr. Rowland, the Academy’s 2001 report, which you helped write,
was stunningly clear. It confirmed the seriousness of human-in-
duced climate change, and it contains a real sense of urgency about
the problem.

What should be done to reduce the risks that the report outlines
and to clear up related scientific uncertainties?

Mr. ROWLAND. The Academy report, of course, did not go beyond
basically the IPCC Volume I, the scientific bases. It did not go into
adaptation and mitigation. Those have been the subjects of exten-
sive discussion under IPCC with Volumes II and III, each of which
are roughly 1,000 pages long, so that there is a very extensive lit-
erature on what the possibilities are.
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I think that the recognition is always there, that carbon dioxide
is spread throughout the world in energy use by everybody, more
intensively in the United States than other places, but definitely
there in India and China and every country, because, by and large,
the development of civilization has paralleled the more-intensive
use of energy, and that has been true in every country.

The problem that we face in the future is how to reduce the strict
dependency that more energy is required to have a better standard
of living, and that means we have to look at all aspects of the civili-
zation.

I don’t think there is any silver bullet that one can give that
says, “If we did this, then everything would be taken care of.” It
means energy conservation, it means looking for alternative energy
sources, it means more research on how to put carbon dioxide some
place other than the atmosphere—that is, sequestration.

It has always been very inexpensive to release carbon dioxide to
the atmosphere, and putting it anywhere else—trapping it at a
power plant and putting it some place other than the atmosphere
is clearly more expensive than just releasing it. So that’s not a
problem that is going to be easily solved, nor will it be a problem
that can be solved without cost, but it is something that needs to
be very, very intensively investigated.

I think that we have been in a situation in which we have, for
the last 10 or 20 years, ignored the fact that carbon dioxide is accu-
mulating, that there is a long-term problem, and it is going to re-
quire a solution that takes decades to bring about a society in
which the energy dependence is not escalating as it is presently.

I don’t have any good solutions other than all of those things
which have been discussed before in a “no regrets” strategy. If you
have energy conservation, then that is an improvement. If you have
an alternative source that doesn’t require releasing CO,, that is an
improvement.

I think in many countries, probably, there will be reliance on nu-
clear energy, which has a different problem, but it doesn’t release
carbon dioxide.

Senator JEFFORDS. The Academy’s report says that, “National
policy decisions made now will influence the extent of any damage
suffered by vulnerable human populations and ecosystems later in
the century.” The Administration’s new policy decision appears to
be business as usual. How will this policy affect the future?

Mr. RowLAND. I think that what one has observed over the last
50 years, if you put carbon dioxide emissions and GNP and say car-
bon dioxide emissions per GNP, that that is a number which has
been going down. That is, as you multiply GNP, you do not nec-
essarily take up the carbon dioxide emissions at the same rate, and
over a period of time, there have been efficiencies that have oc-
curred. But that, alone, is not going to solve the problem, because
GNP is going to go up steadily in the future.

I'll give you just one example that illustrates the problem of just
doing dollars per GNP, and that is if you compare an SUV versus
a high-mileage automobile. One uses much more gas, but they have
to pay for that gas, and so the carbon dioxide emission per GNP
unit is the same as far as the gasoline use of those two. What we
really need to do is to have policies that get things done without
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as much expenditure of carbon dioxide for whatever that activity
is. That means looking very much at the energy conservation side.

Senator JEFFORDS. Thank you. Is it generally safe to say that in-
creasing greenhouse gas emissions is likely to increase the prob-
ability and the magnitude of negative impact on humans and eco-
systems?

Mr. ROWLAND. As far as humans are concerned, the infrastruc-
ture that they live in has been built for the present climate, and
if that climate starts to change, then that infrastructure is not nec-
essarily the right one for the new climate.

The faster that that change occurs, the more the infrastructure
gets out of whack, no longer the right one for that location, so that
slowing climate change is almost as important as controlling green-
house gas emissions totally.

There is no way that the world is going to stop emitting carbon
dioxide without coming very close to doubling the amount that is
in the atmosphere, and that means that some time over the next
century or two were going to have a very different climate. We
don’t know how much difference that is going to be, but we need
to slow down the rate at which we approach that and, as the other
Academy report says, “We have to worry about whether climate
change may occur on a very short time scale.”

The kind of question that is running around the climate commu-
nity is whether climate is a dial where the warming just gradually
changes, or whether it is a switch and you quickly go to a new cli-
mate. That’s not something that we have any way of predicting,
but it doesn’t—just because we are changing slowly at a particular
time does not mean that we will not yet come to some new position
where the climate is just different than what it was.

Senator JEFFORDS. Senator Voinovich.

Senator VOINOVICH. Thank you, Mr. Chairman.

Dr. Rowland——

Senator JEFFORDS. I'm going to pick a witness, and you can pick
your witness or go after the same one I did.

Senator VOINOVICH. I’'m going to go after all of them.

Dr. Rowland, I'm interested in your opinions. In your written tes-
timony you said that increased greenhouse gas concentrations are
often because of the activities of mankind, and in your oral com-
ments just now you said they were mostly caused by the activities
of man. As I listened to the testimony, there is marked differences
of opinion about the causality and the temperature of manmade ac-
tivity and natural activity.

Mr. Markham, you talked about 6° increase in temp, Dr.
Baliunas—who is from Ohio, very nice to see you again. I saw you
at our energy meeting about 6 months ago—you talk about .06°C
increase in temperature. By the way, Dr. Markham, I'm going to
get a hold of my sugar maple people to see if they feel the same
way as you do about things, because I refer to our sugar maple in-
dustry as “Ohio gold.” But, you know, there is a difference of opin-
ion here.

For example, I'll get to one specific question. Dr. Legates, in his
testimony, Mr. Markham discusses the potential effects of rising
temperatures in the Northeast. The question is: Can the climate
models predict with any accuracy whether manmade emissions will
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cause these effects? I mean, Mr. Markham, you had the most dire

predictions that we had of anybody here at the table. It’s, like, “It’s

:cihe end in terms of your part of the world unless something is
one.”

The issue is: What’s the basis of it? How do you get those re-
sults?

Dr. Legates, I'd like to have you comment on what he had to say.
I'd like to know could you believe, Dr. Legates, that the climate
models predict with any accuracy whether manmade emissions will
cause the effects that we just heard from Mr. Markham.

Mr. LEGATES. I think there’s a serious problem with climate mod-
els in that, like I say, they are designed to produce only the mean
field, not its variability. What we’re interested in with climate mod-
els is to try to see how the mean changes. The problem is that on
very small spatial scales we get quite a bit different characteristics
than we normally see in the environment.

For example, one of the things I've found that is characteristic
of models from when I started looking at them in 1990 to just a
couple years ago when I did another analysis is that in the south-
ern Great Plains of the United States, almost every model has Col-
orado being much wetter than northeast Louisiana. I needn’t tell
you that that’s not the way the real world works.

The issue with that then is, if we start to look at regional scale
fluctuations, we can look at fluctuations on the mean field. But if
that mean field is specified wrong, we know it is biased in this case
in completely the wrong direction from the way precipitation varia-
bility exists, the question then becomes: if the model changes in a
field, is that change a result of what would really happen, or is
that change a result simply because our initial specification of the
model is wrong; and hence the results are going to be entirely dif-
ferent from what might really happen?

So, to come back to sort of what he’s saying, I have concerns
when we simply average out the mean conditions and only look at
changes in the mean, because when we look closer at climate mod-
els they don’t reproduce the smaller scale spatial variability that
really is important to climate. Climate is not just a global phe-
nomenon. Global climate is a net result of regional scale fluctua-
tions.

There are areas where we normally expect a lot of moisture,
areas where we expect little moisture, and we have to maintain
that fidelity in the climate system. By just averaging out and focus-
ing on large-scale features, which is what climate models do, a lot
of these subtle things get missed.

Senator VOINOVICH. Does anybody else want to comment on mod-
els?

Mr. Markham?

Mr. MARKHAM. Yes. I think the figures that I were giving you
came from the New England regional assessment, and those were
scenarios that were developed to give a broad range of potential
changes in the New England region. I think it is certainly true
that, as you take global models and look at what they will mean
for a particular region or a particular place, then the accuracy of
those potential predictions is less; nevertheless, what it shows is
that there is very significant risk. This is also backed up by actual
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observed changes, so the New England regional assessment looks
at an average of about 0.7 °F increase in temperature over the last
century in New England.

Again, as you go more local you can see that there have been
much greater increases in temperature over the century in south-
ern New England, and precipitation various across the region, so
the more local we go the more difficult it is to make predictions.
Nevertheless, the general trend is toward observation of warming
and likely increased warming.

Senator VOINOVICH. The real issue is that, in terms of public pol-
icy, that you have general trends and people grab a hold of the
worst numbers, and then they say with these numbers you have to
do this because if you don’t do it the world is going to come to an
end, you know, or we're in bad shape. Somewhere through this we
need to try to get a balance of how we work things out.

Mr. Cogen, you talked about some of the businesses, I guess, over
in England that are doing some things. Are they doing these things
because of command and control, or are they doing it because they
feel it is in their best interest to look at reducing carbon dioxide
and have found it to be a good investment overall in terms of effi-
ciency and just good citizenship?

Mr. COGEN. In the United Kingdom it is a mixture of both. The
United Kingdom has put a carbon levy, which is a tax on carbon
intensity, and then they have designed a trading program under-
neath it to give companies flexibility and the ability to reduce their
tax by 80 percent, so it is a combination of the two.

Having said all that, many of the multi-nationals who are oper-
ating in the United Kingdom look at this as much from the sales
side of their products and what the public expects of them, not just
under the United Kingdom. Yesterday, in fact, the chairman of
British Petroleum announced—I'm reading from “Air Daily,” which
is an industry publication—that they cut their greenhouse gas
emissions by more than 9 million tons 8 years ahead of schedule.
To quote the chairman, “I believe that the American people expect
a company like BP to offer answers and not excuses.”

That’s clearly the positioning of a multi-national that this is an
issue that they think their customer base cares about. It’s not just
something that the Government is doing from a command and con-
trol. So it is a market-driven force that is making BP do this inter-
nationally, as well as government incentives and requirements in
the United Kingdom.

Senator VOINOVICH. I'm familiar with BP. I know Sir John
Brown. They had great presence in Cleveland for a number of
years. I think their colors even advanced their issue of trying to be
good corporate citizens in climate.

The only comment I'm going to make is that the issue becomes,
from a public policy point of view, in terms of command and control
and that you must do this, and so forth, and my experience in Ohio
when I was Governor is that we got involved in this 35/50 reduc-
tion in the 17 worst toxins and basically went to the companies and
said, you know, “We think you ought to do this, and we’re not going
to demand that you do it, but we’re going to suggest that you ought
to look at this.” It amazed me the number of companies that signed
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up and the impact that had in terms of reducing the 17 worse tox-
ins in the State.

You’ve got a situation where you want to do something about a
problem. There’s a disagreement about what man is doing in re-
gard to that, but there is no question that man has something to
do with it. Then the issue is: what is the public policy response to
that that will get at it, and at the same time not put you in a posi-
tion where you are non-competitive or, in the alternative, have a
dramatic impact on the economy and the well-being of the citizens
that live in your respective communities.

Mr. Chairman, that’s a real problem here, because, in terms of
regionalism, we have a different economy in my part of the country
than they have in the Northeast. It is a manufacturing based econ-
omy. Reasonable cost energy has been the basis of that economy.
In the Northeast they have a different kind of economy. Our econ-
omy is impacting on their economy.

That’s our challenge is how do we reconcile all of these things to
the extent that we move ahead and get something done, rather
than end up in a debating society or in multiple lawsuits that clog
up the courts and don’t do anything for improving the environment
or dealing with the energy needs that we have in the country. You
folks are the experts.

My time is up, but maybe the next time around you can maybe
comment on that.

Mr. Chairman.

Senator JEFFORDS. Senator Chafee.

OPENING STATEMENT OF HON. LINCOLN CHAFEE, U.S.
SENATOR FROM THE STATE OF RHODE ISLAND

Senator CHAFEE. Thank you, Mr. Chairman. Thank the wit-
nesses for their testimony.

I guess, to followup on Senator Voinovich, some countries, as Dr.
Whittaker testified, are already implementing policy changes to
comply with Kyoto, and Dr. Whittaker said that the European
Union has already committed itself to a legally binding timetable
for Kyoto implementation, and that Japan, the United Kingdom,
and Canada have signaled their attempt to ratify the Kyoto Pro-
tocol during the coming weeks, so the other countries are doing it.

I guess my question is, Dr. Rowland said, “Unfortunately, that
means a lot of them are turning to nuclear.” Dr. Whittaker, is that
what you’re finding in the international community? Is that the sad
reality? Is that the option?

Mr. WHITTAKER. That’s not what we’re finding. No. The benefits
are really coming from greater efficiency, I would say, through the
kind of mix of command and control and economic incentives that
Jack talked about.

Senator CHAFEE. Do you want to repeat that again?

Mr. WHITTAKER. Yes. The mix of economic incentive and com-
mand and control is really what is helping businesses in those
countries move toward solutions. I'll give an example of NTT,
which is a Japanese telecoms company. I think it is Japan’s largest
electricity consumer. Over the next 10 years, it proposes to save
about 100 billion yen through the adoption of clean energy tech-
nologies. Those types of actions are not coming from any legislation
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or from the Japanese government yet, although the Japanese gov-
ernment hasn’t announced its intention to ratify. It may be a pre-
emptive strike, sort of in anticipation of regulation, but still there
are tangible benefits for NTT shareholders. I think that’s the mes-
sage that we’re seeing time and time again in different parts of the
world.

Senator CHAFEE. In your home country of Canada, how are they
planning to comply with Kyoto? Is it more reliance on nuclear or
the Hydro Quebec Power taking a slice out of the emissions of car-
bon dioxide? How is Canada going to comply? It’s such a similar
economy to our own.

Mr. WHITTAKER. If I knew the answer to that question, I would
be very popular in Canada. They haven’t decided yet. There is a
tremendous amount of concern in Alberta, which is, of course, oil
rich, and particularly the oil sands, which are extremely green-
house gas intensive, to produce.

The role of emissions trading is going to be crucial in helping
Canada achieve its targets, so it will be looking internationally to
achieve credits, to buy credits to help offset its emissions in order
to meet its targets.

It is also going to be encouraging its renewables and clean en-
ergy sector, and there are various efforts underway to expedite that
already.

Again, it is a combination of approaches, but certainly the an-
swer is not clear yet.

Senator CHAFEE. Thank you very much.

Senator Jeffords and Senator Lieberman have introduced a bill
which would reduce the carbon dioxide emissions to the 1990 lev-
els, probably the most aggressive bill in the Senate, I would say.
I don’t know if I can run down the panel and get a 30-second opin-
ion on that bill before my time runs up.

Dr. Rowland.

Senator JEFFORDS. Well, you can take extra time for that.

Mr. ROWLAND. Reducing to the 1990 level of emissions would re-
quire substantial cutback, and the question of how much economic
dislocation it would do would surely depend upon the rate at which
that was done, but we are well above the—we have increased since
1997, continued to increase our CO, emissions, and so the 1990
goal has been receding from where we have been as a country.

It means that we really haven’t taken hold of trying to cut back
on a voluntary basis. As Senator Voinovich says, clearly Ohio is dif-
ferent from New Hampshire, Rhode Island, and it’s different from
California, and the solutions in each of those places for becoming
more energy efficient may not be the same, and they require some-
body who is there and who knows their particular conditions that
can do that, but we have not adopted, as a country, that energy
conservation is a major goal in order to minimize carbon dioxide
emissions.

Mr. PIELKE. Let me say what may be, I guess, an unpopular
truth here. I'm not familiar with this bill, but if we assume in a
thought experiment full and comprehensive implementation of the
Kyoto Protocol around the world, it is safe to say it’s not going to
do much at all to address the environmental and economic risks as-
sociated with climate change.
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I should point out that the framework convention on climate
change that the United States signed onto in the last decade makes
a distinction in the term “climate change.” It defines climate
change as only those impacts that are the result of greenhouse gas
impacts. Any other climate impact is not covered by the framework
convention. So whether it is maple syrup growers or people worried
about hurricanes or human life in developing countries, it doesn’t
make much sense from a policy perspective to try to separate out
human climate impacts from non-human climate impacts. I would
say it is a broader issue.

Mr. LEGATES. I'm also not familiar with the legislation, but I do
recall in 1997 that American Viewpoint conducted a survey of State
and regional climatologists, and one of the questions they did ask
was: if we rolled back to 1990 levels, would it have a significant
impact. I believe I remember somewhere between one-half and two-
thirds of the respondents indicated that it would have little or no
impact.

I don’t think it would have much of an impact, either. My con-
cern is that a lot of the variability, particularly a lot of the loss of
life that we see is going to be as a result of the extreme events,
and these extreme events are going to continue to occur. So we
need to take into account, to some extent, how we alert the people,
how we deal with growth along coasts, for example, and things like
that. These issues would be impacted by climate change, but also
in this case I think, while cutting back would be beneficial for some
other reasons, I don’t think it presently is necessary from a pure
“global warming” standpoint.

Mr. MARKHAM. If you accept the science that greenhouse gas
emissions are increasing the risk of climate change, then it seems
to make sense to reduce CO, emissions, and this bill would do that.

I think that the target of 1990 is a good first-step target. It is
an aggressive target, but it still won’t take us back to the levels
that are probably required.

Although it takes a long time to bring down the CO; level, CO
can stay up in the atmosphere for more than 100 years. We need
to be acting now to protect future generations. I think that’s why
maple syrup is a good example, because people planted those trees
for their children and grandchildren, usually. They can’t harvest
them for 40 or 50 years or so. So we need to be looking down the
road and thinking about future generations, and we need to, I be-
lieve, be acting now to start reducing CO, emissions, and this bill
would take us a long way in that direction.

Ms. BALIUNAS. Assuming the climate projections are accurate,
then reducing to 1990 levels for the United States would mean
about a 20 percent cutback in carbon-based energy use or carbon
dioxide emissions. Replacing that—I agree with Dr. Rowland—is
going to be extremely difficult to do, and yet climactically, tempera-
ture-wise, assuming the models are accurate, this averts, off the
top of my head, less than .05°C of the warming by the year 2050.
So it is, on the one hand, extremely costly, and on the other hand
ineffective. That’s why it is important to realize that a policy like
this is only a scant first step. There has to be much more done
much more dramatically if one accepts the models. That’s why the
science is still very critical in this debate.
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Mr. WHITTAKER. I guess the question is where would the emis-
sions come from? If you look at the key source categories, the sta-
tionary—essentially, the power production sector, coal combustion
sector, is the No. 1 by a country mile.

We’ve done some financial modeling around this issue and looked
at what would happen if the top U.S. utilities all had to reduce
their emissions to their own 1990 levels to 1998 levels and played
around with different scenarios there. A softened Kyoto, which es-
sentially is leveling at 1998 levels, corresponds to, according to our
analysis, roughly 11 percent of the current total market capitaliza-
tion of some of the most coal intensive utilities, so the financial cost
of doing that, if that’s what you wanted to do, would need to be
taken into account.

Mr. CoGEN. In discussions with our customers about Senator Jef-
fords’ bill, the impact of it has been slightly different. It’s not the
details of the bill or whether it will pass or not pass, it’s raising
the conversation to a level that has to be taken seriously, and com-
bined with a movement overseas to ratify Kyoto with the United
Kingdom or Danish programs, with many regional or State pro-
grams here, it is forcing corporations—especially that have long-
term assets planning cycles, whether it is 40 years for maple trees
or 30 years on a power plant—to take this into consideration that
we may be in a carbon strait in the future and what the effects of
that would be. So I think it is galvanizing the conversation and
forcing companies who have fiduciary responsibilities to make deci-
sions to decide for themselves not so much on the science, but on
the policy and what investigation decisions they will make under
different policy regimes.

Senator Jeffords’ bill is forcing them to take it seriously now,
which is a good thing.

Senator JEFFORDS. Senator Corzine.

OPENING STATEMENT OF HON. JON S. CORZINE, U.S. SENATOR
FROM THE STATE OF NEW JERSEY

Senator CORZINE. Mr. Chairman, I appreciate your holding the
hearing. I had a formal statement I'll put in the record.

I feel like I am an interloper coming in at the end, and so I will
pass, but I do want to emphasize how strongly I feel that we need
to fully understand in the terms of science these risks that are as-
sociated with climate change.

I would just mention that there are studies that show the 127-
mile shoreline in New Jersey is potentially at risk to complete ero-
sion, something in a foot rise over the next 50 years. For a $40 bil-
lion industry, for enormous amounts of property, this is an issue
that concerns the citizens of New Jersey, concerns me, and I think
it should anyone.

I apologize for being late. We had three hearings at one time.
But there is nothing more important, long-run, for my community
and the people I represent than this issue.

[The prepared statement of Senator Corzine follows:]

STATEMENT OF HON. JON S. CORZINE, U.S. SENATOR FROM THE
STATE OF NEW JERSEY

Thank you, Mr. Chairman. I appreciate you holding this hearing today on the eco-
nomic and environmental risks of increasing greenhouse gas emissions.
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I vi/ant to make just a few points before we begin to hear testimony from the
panel.

The Science Warrants Action. First, I think that the science warrants a hard look
at risks and potential impacts. Last year, the Intergovernmental Panel on Climate
Change (IPCC) recently released its Third Assessment Report. The report as I read
it indicated that the science is increasingly clear and alarming.

The report indicated that human activities, primarily fossil fuel combustion, have
raised the atmospheric concentration of carbon dioxide to the highest levels in the
last 420,000 years.

The report further indicated that the planet is warming, and that the balance of
the scientific evidence suggests that most of the recent warming can be attributed
to increased atmospheric greenhouse gas levels. Mr. Chairman, these IPCC findings
were validated later in the year by the National Academy of Sciences.

Mr. Chairman, we also know that without concerted action by the United States
and other countries, greenhouse gases emissions and concentrations will continue to
increase. Climate models currently predict warming under all scenarios that have
been considered. Even the smallest warming predicted by current models—2.5 de-
grees Fahrenheit over the next century—would represent the greatest rate of in-
crease in global mean surface temperature in the last 10,000 years.

So while scientific uncertainty remains, I think the trend is clear. As a result, we
need to focus on risks.

New Jersey and Other Coastal States Will be Impacted by Climate Change. For
my State of New Jersey, Mr. Chairman, the threat of continued sea-level rise is one
of the risks that I am most concerned about. With the exception of the 50-mile
northern border with New York, New Jersey is surrounded by water. The state’s At-
lantic coastline stretches 27 miles. Fourteen of 21 counties have estuarine or marine
shorelines. Rising sea level is already having impacts, by exacerbating coastal ero-
sion, and causing inundation, flooding, and saline intrusions into ground water. The
N.J. coastal area also supports one of New Jersey’s largest industries—tourism.

Sea level is rising more rapidly along the U.S. coast than worldwide. Studies by
EPA and others have estimated that along the Gulf and Atlantic coasts, a one-foot
rise in the sea level is likely by 2050 and could occur as soon as 2025. In the next
century, a two-foot rise is most likely but a four-foot rise is possible. So I'm con-
cerned about this risk to my home state.

We Need to Take Steps to Reduce Risks. Given the state of the science and the
risks we face, I think we need to take steps to reduce risks. The president’s plan,
which represents only an incremental step over business as usual, is simply not
enough in my judgment.

At the state level, New Jersey is already taking aggressive steps to reduce emis-
sions. The state has a plan to reduce greenhouse gas emissions to 3.5 percent below
1990 levels by 2005. Specifically, the plan would achieve a 6.2 million ton reduction
through energy conservation initiatives in residential, commercial and industrial
buildings, another 6.3 million ton reduction through innovative technologies in resi-
dential, commercial and industrial buildings, a 2.2 million ton reduction through en-
ergy conservation and innovative technologies in the transportation sector, a 4.5
million ton reduction through waste management improvements, and a half million
ton reduction through natural resource conservation.

So I think what New Jersey is doing—under a plan that Governor Whitman got
underwzy—shows that we can and should do much better than what the president
proposed.

Support the Climate Titles in the Energy Bill. Finally, Mr. Chairman, I want to
urge my colleagues to support the climate change titles in the energy bill. In par-
ticular, I want to urge my colleagues to support the registry provisions in Title XI
of the bill. These provisions will require the largest emitters to report greenhouse
gas emissions—as utilities are already required to do. These provisions also enable
companies that undertake emissions reductions to register them, so that they will
receive credit for their actions if reductions are required at any point in the future.

Taken together, Mr. Chairman, I believe that these greenhouse gas registry provi-
sions will provide a powerful incentive for companies to take actions to reduce emis-
sions. I know you agree, as you are a cosponsor of S. 1870, a bill containing similar
provisions that I introduced in December. The energy bill registry provisions rep-
resent a compromise between S. 1870 and related legislation in the Energy and
Commerce committees, and I urge my colleagues to support them.

Thank you, Mr. Chairman.

Senator JEFFORDS. Dr. Rowland.
Mr. ROWLAND. So far all of the discussion has been on controlling
carbon dioxide, and there are other greenhouse gases. The one that
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I would draw particular attention to is tropospheric ozone—that is,
one of the components of smog is ozone formed by the interactions
of nitrogen oxides and unburned hydrocarbons and light, and that
mostly takes place in cities, although we have run into it experi-
mentally in burning forests especially in the Southern hemisphere.

The failure to burn gasoline completely in an automobile results
in the formation of ozone, which is a greenhouse gas. Then the hy-
drocarbons eventually become carbon dioxide, anyway, but on the
way it produces another greenhouse gas that adds to the total
interception of infrared radiation.

This is happening in hundreds of cities all over the world. It
would be to our advantage and to the globe’s advantage if the pol-
lution problems of these cities, with respect to ozone, could be re-
duced, and that’s something that is a problem in China; it’s a prob-
lem in India; it is a problem in the United States and everywhere.

We know how to do it. In places like Los Angeles, the smog has
been reduced by adopting certain policies. And, to the extent that
we can get those policies in place in cities all over the world, then
that reduces the amount of tropospheric ozone and is the equiva-
lent of cutting back on some carbon dioxide because it is a green-
house contributor.

So it doesn’t get rid of the fact that the automobile eventually
puts the carbon dioxide in the atmosphere, but on the way it also
produces another problem, and if we could just go to clean-burning
in an automobile, helping in reducing tropospheric ozone, and that
helps because it is a greenhouse gas. So it is a policy that would
be useful on our part to encourage and assist, if we can, in the cit-
ies that have these problems.

Senator JEFFORDS. You mentioned India. I have been to the
places—India, China, and other places in that area—which have
extensive coal burning, as you well know, and the problems there
are much greater than we have here. Internationally, what should
we be doing to try to assist in those countries having the capacity
to reduce their pollution?

Mr. ROwLAND. In the cases of both India and China, they have
very high ash coal, and much of their pollution in the cities comes
about by having particles in the atmosphere coming about by burn-
ing coal that has material in it that’s not going to burn. City pollu-
tion problems can be sort of divided in two categories. One has to
do with producing particles, and that has a lot of bad things hap-
pening, particularly when you breathe them in. In addition, there
are the photochemical problems that come from the chemical inter-
actions that take place.

What I was talking about earlier would be trying to reduce the
photochemical problems by adopting the kinds of procedures that
have been put into place by the Southern California Air Quality
District.

The question of getting the particles out of the air in Beijing and
Delhi is a matter of people in China and India deciding on some
way of using cleaner fuel to begin with. How they treat their coal
in order to get rid of the particles before they burn it would be a
very complicated problem. That’s one that I don’t know exactly how
they would do it.

Senator JEFFORDS. Senator Voinovich?
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Senator VOINOVICH. Yes. I would like to ask the witnesses: how
many of you are familiar with President Bush’s climate change ini-
tiative?

[Show of hands.]

Senator VOINOVICH. Senator Chafee asked you your opinion
about Senator Jeffords’ bill, and I have: Rowland, question mark;
Pielke, question mark; no, Legates; yes, Milburn [sic]; no, Whit-
taker. I mean, no one really came out and said yes/no. You kind
of all waffled to a degree except Mr. Markham.

Senator JEFFORDS. That shouldn’t surprise you.

Senator VOINOVICH. Right.

Senator JEFFORDS. We do the same thing though.

Senator VOINOVICH. The way I summarize it, it provides the nec-
essary funding for both the science and technology research, en-
courages companies to register their CO, emissions, sets a national
goal to reduce our carbon intensity, which is the best way to pro-
tect our economy and begin to address the issue.

Anyhow, the No. 1 issue is: What do you think of that policy? No.
2, what other things should we be doing? We get into this whole
issue of the technology and where we are in the models and the
rest of that and where should we be investing our money in that
regard. I'll make a comment before you answer the questions, but,
Dr. Rowland, you're talking about coal in China and the ash prob-
lem. Whether we like it or not, regardless of what happens to
Kyoto, a lot of these newly emerging economies are going to burn
coal. Coal produces about 55 percent of our energy here in the
United States, and my State is about 85 percent.

It seems to me that one of the greatest things that we could do
as a matter of public policy, Mr. Chairman, would be to really put
some money into clean coal technology and also provide some in-
centives so that we could go ahead and really do a job with that
technology that could be exported around the world that would
help deal with the problem that these countries are dealing with
now.

If that’s not what we’re going to do, and faced with what the real
world is, then we have to go to some other alternative source of en-
ergy. We talked about nuclear is what many others have said.
Then what’s left is gas, hydro, and then some of the renewables
that we have, but most of us recognize that renewables produce
about 1/10th of 1 percent of the energy in this country, so that’s
the real world we’re dealing with.

I guess the issue is: how do you deal with the real world? In the
remainder of my time, what do you think of the Bush policy? We'll
start off with that.

Dr. Rowland.

Mr. RowLAND. I'll make a response to your question about clean
coal technology. Yes, there’s no question that India and China are
going to depend for the next decades very heavily on coal, and they
both, unfortunately, have very poor coal, so if they could have tech-
nology available—that is, clean coal technology—then it would help
them quite substantially with their own local environmental prob-
lems. Still, you end up with carbon dioxide from burning the coal.
But we might be able, as part of the cleanup of their cities, to per-
suade them also to take care of the other aspects of air pollution
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that they have in the urban areas. But I'm sure that clean coal
technology in India and China would be very beneficial to them
and to the atmosphere, generally.

Mr. PIELKE. Let me say, from the standpoint of climate risk, the
choice between, let’s say, the Kyoto Protocol and the Bush plan,
there is a distinction without a difference there. There are really
no differences in risk because neither addresses the underlying
causes of risk, which are the increasing vulnerability of society and
the environment to climate events.

Clearly, there are economic, political, and symbolic

Senator VOINOVICH. Can I?

Mr. PIELKE. Yes.

Senator VOINOVICH. That’s really interesting. You’re saying—and
I want to make sure I understand. You're saying that, in your opin-
ion, we’re seeing, if you look at history, a much greater vulner-
ability to changes in natural climate types of things? In other
words, is that—am I understanding that right?

Mr. PIELKE. Yes. What I’'m saying is that, even in the context—
forgetting about the natural versus human cause of climate
change—climate has changed. I mean, it is clear in different loca-
tions over different time periods. But if you take a look, for exam-
ple, at hurricanes, for which we have very good data, the same
storm which would have caused $100 million inflation-adjusted in
1926 Miami, today would cause about $90 billion. That has nothing
to do with the changing frequency or nature of storms, only that
Miami Beach and associated property develop is much different
than it was the beginning of the last century.

So when we’re looking at risk and we’re worried about impacts
of climate, you can’t just say, “We have more precipitation. Will the
temperature be warmer,” and so on. We also have to look at how
the economy changes, how society changes, and so on.

When you put those two things together, by far the largest sig-
nal—and, again, this is talking about humans and not the environ-
ment—by far the largest signal are the changes we make every
day, how we develop, how much more wealth we accumulate,
where we live, and so on. Those are the determining factors in risk.

The insurance company insures against property damage. It
doesn’t ensure against number of storms.

Senator VOINOVICH. OK. So, again, I want to understand this.
It’s like Senator Corzine was talking about the coastline. In my
State, the water level is way down, and I suspect it will go way
up, and I haven’t figured out what it is. Some people say that if
somebody turns a spigot on it turns it up, but we know that isn’t
the case. But the question we have, like, for instance, when I was
Governor, we did coastal plain. We advised people not to build in
certain places. We required, when people buy a home now, that
they’ve got to be given information about the erosion and some
other things. Those are the kinds of things you’re talking about
that:,? we’'d better start thinking about in terms of our overall poli-
cies?

Mr. PiELKE. Yes. There’s a disconnect here. I think Senator
Corzine is properly concerned about erosion on the coast. But let’s
not kid ourselves. Let’s not think that the choices we have before
us on energy policy are going to make any difference whatsoever
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on what happens on the coast. Many other decisions that you folks
will face will affect that, such as development, replenishment of
beaches, and so on—the decisions that are made every day that go,
I guess, underneath the radar screen of energy policy. But I think
there is a policy disconnect here. If we are talking about energy
policy and justifying changes in terms of beach erosion or water ta-
bles and so on, it is not in concert with how we understand how
climate and people interact.

From that standpoint, I would say Bush versus Kyoto, you're
talking to the wrong experts here. It may make sense from the
standpoint of keeping our allies happy with respect to international
relations or showing environmental symbolism, but it is not at all
going to address these issues of risk.

I think it is time that the debate moved on to acknowledge that.

Senator JEFFORDS. Dr. Rowland.

Mr. ROWLAND. I'd comment about climate models and weather.
The climate models are not designed to reproduce weather, and
most of what Roger Pielke is talking about and also what Mr.
Legates talked about are weather-related questions of how much
precipitation there is very locally. When you live locally, then that’s
very important to you. It is what happens right there.

If you build on the barrier beach in Florida, then eventually
you're going to get hit by a hurricane, and that’s why he’s saying
that the beach damages weren’t there in 1926. The beaches were
there in 1926 and the hurricanes went over them, but people
weren’t there. If you build on them, then at some time it is going
to hit you. That’s the weather-related aspect.

The climate-related aspects have to do with 50 or 100 years, and
there the question of the storms—the climate models don’t repro-
duce storms. Storms happen, are created and produced on a much
smaller spatial scale than the climate models can do.

If I give you an example for myself, I live on the coast in south-
ern California. My office is about 4 miles inland. The weather is
different there because there is a low hill, low hills in between, and
50 miles away there is a 12,000-foot mountain with snow on top
of it.

If you have a climate model that has a box that is 100 miles by
100 miles, then the beach and the desert and the mountain are all
in the same box. You can’t predict any kind of weather out of that.
For that you need a very much smaller-scale model, and if you
build a smaller-scale model that only does the weather, then it does
pretty well. They do pretty well on precipitation. But you can’t ex-
pect a climate model to do that because the scales are so different.
Climate modeling is really looking 50 to 100 years in the future
and under conditions when the hydrological cycle would be three,
four or five times as severely changed as now, and that’s when they
start worrying about the storms, but they can’t predict them be-
cause that is much too fine a scale for their model.

Senator JEFFORDS. Mr. Markham, go ahead. I was going to ask
you.

Mr. MARKHAM. Yes. I just wanted to respond to Senator
Voinovich’s question about the President’s climate policy.

I think the simple answer to that is that that is a business as
usual policy which will allow carbon emissions to increase over the
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next decade at roughly the same rate at which they've increased
over the last decade, so, by tying the issue to carbon intensity rath-
er than to overall CO, emissions, that policy is not a policy for re-
duction, it is a policy for continued increase. For that reason, I
don’t think that it will help us if our objective is to reduce green-
house gas emissions.

I would also like to just say that I think it doesn’t help to try
and totally separate energy policy from response to climate change.
We are almost certainly locked into a certain amount of climate
change, to which we will have to adapt, but at the same time, by
having a secure and sensible energy policy, we can reduce the po-
tential future impacts. Climate change doesn’t happen on its own,
it happens in a context of social change. Wildlife habitats are un-
able to adapt to rapidly changing climate. The coasts—we are
spending tens of millions of dollars on armoring the eastern coasts
at the moment. As sea level accelerates over the next century, then
that will be an increased cost, so we shouldn’t always just talk
about the cost of reducing emissions, we should also talk about the
cost of not reducing emissions. I think the coastal zone is one of
the areas where we need to look at that more closely.

Senator VOINOVICH. Dr. Baliunas.

Ms. BALIUNAS. The reason I abstained on the vote on the earlier
bill is because I hadn’t seen the full bill. I like Bush’s bill because,
for some reason, one is it focuses on the science, and the science
is clearly the driver of the issue here. The models need improve-
ment. They need improvement in the major greenhouse effect,
which are 02 water vapor and the effect of clouds. Those are poorly
to improperly modeled at present in all climate models. All climate
models assume them to be, especially water vapor, strong positive
feedback that amplifies any warming that would be there from,
say, doubling carbon dioxide concentrations in the air. That is
wrong. That has been demonstrated incorrect from the satellite
data and the balloon data that we have. Those models are incorrect
based on the surface data measurements. They are exaggerating
the warming.

So anything that affords science to progress in those areas will
give us a better definition of the risk, the amount, the amplitude
of climate change from manmade sources. This has to be weighed
against the cost.

Talking about cutting energy use in this country, carbon dioxide
emissions, by 20 percent on a time scale of a decade is extremely
costly. There is no way around it. One can only look at what Sen-
ator Chafee called the sad reality of nuclear to replace these. Re-
newables won’t do it. Hydro is not going to expand in this country.
Solar is not going to add on that scale. Wind towers are not going
to add on that scale. So we're going to end up shutting down coal,
adding a lot more natural gas, and adding nuclear. I just don’t see
how it is possible to do that.

But, in any case, the science says that the manmade emissions
that are present are having a very small climate effect.

Senator VOINOVICH. Thank you.

Mr. WHITTAKER. I would only add that, from a business stand-
point, certainly the policy encourages technology development, and
if I was with a cogeneration or with a combined heat and power
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company right now, I would be quite pleased. I think my business
is going to improve over the next few years.

We ask about how can we encourage China and India to embrace
these new technologies. Well, there is a mechanism under the
Kyoto Protocol called “a clean development mechanism,” which is
designed precisely to do that and to credit U.S. companies for doing
so.

I would have liked to have seen mandatory reporting. I think dis-
closure on issues brings consistency, and the consistency of infor-
mation is very valuable for those wishing to estimate companies,
certainly in the financial services industry, which brings me on to
my final point.

I would like to see more of a dialog with Wall Street and with
the investment community. I think institutional investors are in-
creasingly invested in the equities markets and have tremendous
sway over companies, and the slightest level of concern expressed
by investors would be a powerful catalyst, I think, for companies
to look at this issue more seriously.

Senator JEFFORDS. Dr. Rowland.

Mr. ROWLAND. I should register dissent to what Dr. Baliunas
said about the modeling of the clouds and the modeling of water
vapor. In the consensus discussion of the Academy scientists that
were involved, they agree that there are some uncertainties in-
volved in any of that, but at the present modeling, assuming that
the relative humidity would be the same and handling clouds as
they are is as good as you can do at the present time for doing the
modeling. It is not introducing a bias one way or the other.

Ms. BALIUNAS. I want to register dissent to the dissent, and that
is they may be the best we can do today, but they are insufficient
for making projections 50 to 100 years in the future. We cannot
even explain the lower troposphere temperature of the last 20 to
40 years, where we've gone almost halfway to a doubling of carbon
dioxide, equivalent carbon dioxide in the air—that is, summing all
the greenhouse gases in the air.

The models make an error of a factor of at least five in projecting
the warming. That error has to be due to the largest feedback, the
largest gain, which is water vapor. It is a distribution of water
vapor in the air. We don’t have good measurements for it, the
vertical distribution of it, and we don’t know how it interacts with
the rest of the climate system. Ditto for clouds.

Mr. PIELKE. I could. This dialog is exactly what’s wrong with the
climate change debate. This country spends an enormous amount
of money—about $20 billion over the last 10 or 12 years—on cli-
mate change research, and, while we have a much better under-
standing and much better sense that yes, people can affect the cli-
mate, esteemed scientists such as these will be debating these
issues far into the future. That’s how science progresses.

But what hasn’t come out of the Nation’s $20 billion investment
in research are more alternatives, more choices. The choices that
we face today are essentially the same that were discussed in 1982,
in 1985. It’s, “Do we reduce CO2? Yes or no?”

There are thousands, if not millions, of decisions made about cli-
mate every single day in each of your States, in my State, around
the world. I think it is fair to ask if the scientific community is pro-
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viding information that leads to a greater range of choices with re-
spect to mitigation and adaptation to climate change. There’s clear-
ly a lot of reasons to change energy policy independent of climate
and a lot of reasons to better adapt a climate independent of
change.

It seems to me that the research that we’re funding as a country
is not leading to those choices, meaning that all of the science we
get is fed into the same very narrow range that we’ll be talking
about in 10 years. So I think maybe it is time to think a little bit
more broadly about the problem, because this hearing and the de-
bate among scientists, if you look in 1985 or even 1982, when Rep-
resentative Al Gore held hearings, is very similar, and yet our
choices remain the same.

I would encourage you to do what you can to expand the choices
available.

Senator JEFFORDS. Mr. Cogen.

Mr. CoGEN. Thank you, Senator.

In responding to President Bush’s proposals, I will take the same
approach I took to Senator Jeffords’ bill, which is not actually have
an opinion, but I will say that we represent a lot of very large
emitters, a lot of industrial companies are typically the companies
that hire us—many, in fact, in the State of Ohio. There’s three
things that they’re looking for in a bill, and I think maybe that’s
what I'd like to point out and focus.

One is flexibility. Universally they support market-based mecha-
nisms for dealing with the problem as far as their solutions.

The second, which is the hardest to get under any environment,
is some sort of regulatory certainty.

Senator VOINOVICH. Is what?

Mr. COGEN. Regulatory certainty. It is very hard to make invest-
ment decisions for long-term assets when you think the law might
change in 5 or 6 years and you’re talking about a 30-year asset.

Another issue, which goes to the issue of the voluntary nature of
programs, is protection of baselines. That is, a number of compa-
nies have witnessed this, and certainly there has been talk over the
years of credit for early action. I think that gets to the heart of it.

It is very hard to take a voluntary action now as a corporation
for all of the good corporate citizens reasons and find out years
later that you are now established at a lower baseline from which
you must reduce because of a mandatory program, where if that is
the case the best economic solution is, in fact, put as much carbon
out as you can now so that you have a higher baseline that you
have to reduce 10 percent off of.

That’s the situation that we are actually seeing, especially under
the trading program proposed in the European Union, that right
now, for example, some chemical firms have taken great efforts and
expense in reducing their nitrous oxide output, and we’re finding
that, in fact, the chemical industry is not under the trading pro-
gram at all. Then there’s talk, as a secondary, “Well, we’ll put them
in and then we’ll establish the baseline pretty much on basic level,
as they’re doing now,” when some of them have spent 10 years ac-
tually reducing their CO2 equivalent out put. It might just all go
away for them.
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That, to me, is maybe the key issue that can be addressed is: if
you’re going to have any sort of voluntary program, how do you
protect it? What assurances can be given that it is going to count
later?

Senator JEFFORDS. Anyone—Dr. Rowland.

Mr. ROWLAND. I have just a comment about satellite measure-
ments of temperature. We all know how thermometers work. We’ve
all used them. A satellite can’t do what a thermometer does, and
that is contact the material directly. So if a satellite wants to meas-
ure temperature, it has to measure some kind of emission that
gives radiation that travels 500 miles to the satellite. It doesn’t get
it just from the place that you want to measure it. It gets it from
all through the atmosphere, so you have to have an algorithm that
calculates it.

The history of the satellite measurements of temperature in the
troposphere have been that the algorithm was shown that existed
for quite a period of time, 5 or 10 years, had some problems in it.
The same satellite doesn’t stay there. There have been 9 or 10 of
these satellites, and their orbits decay, and then you have to pass
it from one to the next. So it is not just sticking your thermometer
in and measuring it, which that at least we know how to do. It is
a very—it often takes adjustment of the algorithm 5 or 10 times,
and it is not clear to me that we've got the final algorithm for
measuring tropospheric temperatures by satellite.

In the end, satellites always give you the global coverage that is
needed, but interpretation of the measurement that actually
reaches the satellite is a complicated thing, which is very valuable
if more than one research group—if there are several research
groups and they repeat and they can come together on it, and I
don’t think we’re in that position on the tropospheric temperatures.

Senator JEFFORDS. Yes.

Mr. LEGATES. I agree, and that’s one of the things I point out in
my statement is that we need more work on satellite measure-
ments. But I disagree strongly that a thermometer is a perfect
measurement. A thermometer can measure temperature at a given
point. The problem with that is a thermometer is good for meas-
uring a temperature here but not for across the room, so we have
a single thermometer located at, say, a National Weather Service
observing site. It is representative only of that site, not of the larg-
er region.

Now, the problem is that things change on that site over time.
We've moved a lot of the stations around, for example, in the
1940’s, early 1950’s. We decided we really didn’t need the Weather
Services offices downtown, it was better to have them out at the
airports, so we moved our thermometers out to the airports, which
created discontinuity.

Well, what’s happened over time? We’ve had urbanization. So the
thermometers, which originally were in land outside of the cities,
and now with a growing metropolis a lot of cases, these thermom-
eters now are associated with urbanization right around the site.
That is, the growth of cities leads to more asphalt and warmer con-
ditions so we have the effect of urbanization biasing our measure-
ment with the thermometers.
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We also have changes in thermometers over time. We don’t nec-
essarily use the same type of thermometer in 1930 that we do now,
so there is a discontinuity in instrumentation.

Most importantly, we only put thermometers over land surfaces.
We have most of our observations associated with locations that
are over land, that are at lower altitudes, that are generally in wet-
ter conditions and in more economically developed countries.

So thermometer-based measurements are good only for a single
point, but they don’t give you a good indication as to what the ac-
tual background change has been, because there is a lot of varia-
bility and bias associated with taking a thermometer measurement.

Ms. BaLIUNAS. I want to add that the lower troposphere meas-
urements by satellite have been independently validated by bal-
loons that are launched daily and make measurements in situ, and
there are at least four sets of balloon measurements that are made
independently across the world, groups that analyze it, and they
agree with a high degree of correlation with the tropospheric data
from satellites.

So the argument is that the lower troposphere data are probably
on a very good footing. They cover almost essentially all the globe,
as opposed to between 10 and 20 percent for the ground-based ther-
mometer measurement data that have, as Dr. Legates has pointed
out, have changed substantially over time and have many correc-
tions made to their algorithms, as well.

Mr. PIELKE. Yes. I'd like to suggest that there’s really no solution
to the problem of climate change, but we can do better. I'd like to
go on record as saying I'm a big supporter of using less energy,
being cleaner in our energy use, and so on, but we don’t need bet-
ter thermometers, better satellites, or any of that to start making
progress. There’s a lot of so-called “low-hanging fruit.” National se-
curity, alone, provides a compelling reason to be more efficient in
our energy use.

It seems to me that in tackling the greenhouse gas emissions of
6 billion people focused on understanding the science 100 years in
the future, we couldn’t have created a problem that could be more
easily gridlocked.

There’s a lot of relatively easy, by comparison, steps—no regrets
adaptation and no regrets mitigation—for which the debate over
the science, while important, shouldn’t stand in our way. We ought
to be being better with our energy use and reduce our vulnerability
to climate in any case, and we should start taking those steps. We
should have taken them before, but we should start now instead
of trying to wait for science to resolve itself.

Senator JEFFORDS. I'll give you all a last shot here. Dr. Rowland.

Mr. ROWLAND. I have no more.

Senator JEFFORDS. Mr. Legates.

Mr. LEGATES. [Shaking head negatively.]

Senator JEFFORDS. Mr. Markham.

Mr. MARKHAM. Just to say that I think the risks from green-
house gas emissions are very great. The science—we have good,
sound science. It’s getting stronger every day. We know a lot more
than we did 5, 10, or 15 years ago. As. Dr. Pielke says, there are
many low-cost actions we can take now, which include both vol-
untary and hopefully regulatory actions like your bill.
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Ms. BALIUNAS. The science has gotten extraordinarily better. The
models still cannot be used to make reliable, credible predictions in
the future. They fail validation by scientific testing. We should not
hold this to energy policy.

Mr. WHITTAKER. Only to say that this is very definitely a busi-
ness issue. It is a business risk and it is a business opportunity,
and it will intensify in the coming years.

Mr. CoGEN. Yes. I'll agree with that. From the business point of
view, people are looking to the Senate for leadership. Businesses
fs‘tre taking actions and they want to see some regulatory framework

or it.

Senator JEFFORDS. Let me ask this last question. Do any of you
believe that it is safe to continue increasing manmade greenhouse
gas emissions without any limit?

[All witnesses indicate in the negative.]

Senator JEFFORDS. No one says yes, and so that must be no, and
we’ll see you later. Thank you very much.

[Whereupon, at 11:42 a.m., the committee was adjourned, to re-
convene at the call of the chair.]

[Additional statements submitted for the record follow:]

STATEMENT OF HON. JOSEPH LIEBERMAN, U.S. SENATOR FROM THE
STATE OF CONNECTICUT

I thank Chairman Jeffords for calling this important hearing on the economic and
environmental risks associated with increasing greenhouse gas emissions, and
thank him for his leadership on this issue. The issues are timely, they are impor-
tant, and the witnesses are impressive. I am sorry that I could not personally at-
tend; I had a conflicting duty to chair a hearing of the Governmental Affairs Com-
mittee. I want to leave no doubt about the importance of this hearing.

The causes and potential effects of global warming have been well documented
through the Intergovernmental Panel on Climate Change, an international process
that is engaged in by over 2,000 scientists from around the world. The potential ef-
fects are serious and far-reaching.

Global warming is a global problem that requires a global solution. The inter-
national community has come together under the auspices of the United Nations
Framework Convention on Climate Change to address the problem. The original
1992 agreement, signed by then-President Bush and unanimously ratified by the
U.S. Senate, contained no mandatory targets or timetables for greenhouse gas emis-
sions. It was important, however, for recognizing the problem and committing the
countries of the world to an ongoing multilateral process to seek ways to reduce the
threat of global warming. In 1997, the international community negotiated the
Kyoto Protocol, which included binding targets and timetables for industrialized
countries to reduce greenhouse gas emissions by a little over 5 percent by 2008-
2012, as a first step in reducing global emissions of greenhouse gases. The United
States committed to a 7 percent reduction. Other countries, including the European
Union and Japan, are moving toward ratification of this agreement. The current ad-
ministration has rejected the Kyoto Protocol and offered us what can best be de-
scribed as a tepid response to what even the President describes is a very serious
issue.

The United States has a large stake in the climate change debate; among other
things, we have a very large land mass, with thousands of miles of coastline, and
a very large population, magnifying the health threats associated with climate
change. We also emit about 25 percent of the entire world’s emissions of carbon di-
oxide, the most prevalent greenhouse gas, even though we have less than 5 percent
of the world’s population. We have a responsibility to ourselves as well as the world
community to take action to reduce greenhouse gases. We led the international ef-
fort to protect the stratospheric ozone layer, and found a way to bridge differences
between developed and developing countries. That system is working and we should
be proud of the leadership the United States exhibited.

I fear we have now abdicated our leadership role. In 1989, then-President Bush,
talking to Congress about the issue of acid rain declared that the “time for study
alone is over . . . the time for action is now.” The President then went on to work
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with the Congress to establish a market-based cap and trade program that signifi-
cantly reduced emissions of sulfur dioxide, the main ingredient of acid rain. I would
suggest that the current administration follow this example for carbon dioxide. I
have been working with Chairman Jeffords and other progressive-minded Senators
to move toward passage of S. 556, the Clean Power Act of 2001, which would set
limits on carbon dioxide emissions from electric power plants, which are responsible
for about 40 percent of U.S. carbon dioxide emissions. We have been working with
colleagues from the other side of the aisle on this important first step on greenhouse
gas emissions, and hope that we can reach an agreement to move forward. I am
also working with Senator McCain to develop an economy wide cap and trade pro-
posal for greenhouse gas emissions as one more step in re-establishing U.S. leader-
ship in this critical area. As our distinguished witness Dr. Rowland, a Nobel lau-
reate wrote in his testimony: “The increasing global temperatures will have many
consequences, often adverse in the long run. Because of the many causes of this
temperature increase have their origins in the activities of mankind, actions can
and should now be taken which will slow this rate of increase.”
Thank you Mr. Chairman, that concludes my opening statement.

STATEMENT OF HON. BEN NIGHTHORSE CAMPBELL, U.S. SENATOR FROM THE
STATE OF COLORADO

Thank you, Mr. Chairman. I would like to welcome all of the witnesses, especially
Professor Roger Pielke of the University of Colorado.

I look forward to the witnesses’ testimony and hope that we can use your collec-
tive knowledge to reach a better understanding of the economic and environmental
impacts of greenhouse gas emissions on global climate change.

Climate change or global warming has become one of the most talked about envi-
ronmental issues for the last several years. The United States and other nations
have spent millions of dollars to study climate change. It seems that the more we
spend and study, the more we realize that we don’t know.

Our studying climate change for the last 10 years has led us to two conclusions:

First, human activity has had an impact on the global climate. In announcing his
global climate change strategy, President Bush acknowledged this fact.

However, our years of careful study have made, for policymakers, an even more
important conclusion: that we have inadequate evidence to demonstrate humanity’s
affect on climate change. Since our science is unable to tell us the level of causation,
science can’t tell us what mitigation strategies we, in Congress, should pursue.

Throughout my career of public service I have tried to base my decisions on the
best available information, particularly when those decisions have dramatic con-
sequences on the lives of Coloradans. Unfortunately, in the case of global climate
change, we are seeking to craft a policy with profound implications on completely
inadequate and speculative information.

In his book, The Skeptical Environmentalist, Bjorn Lomborg (Bee-Yorn Lom-Borg)
simply asked, “Do we want to handle global warming in the most efficient way or
do we use global warming as a stepping stone to other political projects.”

Even Mr. Lomborg, a Danish statistician, noted the political salience of the cli-
mate change debate. Unfortunately, this important issue has become so politicized
that many people look past the facts and, instead, focus on doomsday scenarios.

In noting our lack of understanding of the Earth’s climate system, one of our very
own witnesses made an equally important point. In her testimony today, Doctor Sal-
lies Baliunas stated, “A value judgment is prerequisite to evaluating the need for
human mitigation of adverse consequences of climate change.”

Again, “a value judgment is prerequisite.” In short, since we don’t have enough
information, some suggest that we just assume that humans can mitigate adverse
consequences of climate change.

Well, this Senator is not ready to make that assumption when making that leap
of faith could result in the loss of countless U.S. jobs.

I am happy that the President has chosen to look at the facts in rejecting the
Kyoto Protocol. He properly noted that greenhouse gas emissions is directly attrib-
utable to U.S. production and economic growth. In my state of Colorado, imple-
menting Kyoto would have translated in the loss of 47,400 jobs and $2 billion in
tax revenue by 2010.

I am not ready to make decisions with such consequences without adequate infor-
mation.

We all make “value judgments” in policymaking. I would ask my friends to ask
themselves what it is they value.
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In making that “value judgment” I would ask them to consider the words of John
Adams when he said: “Facts are stubborn things; and whatever may be our wishes,
our inclinations, or the dictates of our passions, they cannot alter the state of facts
and evidence.”

I look forward to the distinguished panel’s testimony, and ask that my testimony
be reported in the Record.

Thank you.

STATEMENT OF DR. F. SHERWOOD ROWLAND, BREN PROFESSOR OF CHEMISTRY AND
EARTH SYSTEM SCIENCE, UNIVERSITY OF CALIFORNIA IRVINE, IRVINE, CA

A natural greenhouse effect has existed in Earth’s atmosphere for thousands of
years, warming the Earth’s surface for a global average of 57 °F. During the 20th
Century, the atmospheric concentrations of a number of “greenhouse gases” have in-
creased, mostly because of the actions of mankind. Our current concern is not
whether there is a greenhouse effect, because there is one, but rather how large will
be the enhanced greenhouse effect from the additional accumulation in the atmos-
phere of these greenhouse gases.

The Earth intercepts daily energy from the sun, much of it in the visible wave-
lengths corresponding to the spectrum of colors from red to violet, and the rest in
ultraviolet and nearby infrared wavelengths. An equal amount of energy must es-
cape from the Earth daily to maintain a balance, but this energy emission is con-
trolled by the much cooler average surface temperature of the Earth, and occurs in
wavelengths in the Afar infrared”. If all of this terrestrially emitted infrared radi-
ation were able to escape directly to space, then the required average temperature
of Earth would be 0 °F. However, the greenhouse gases—carbon dioxide (CO2), meth-
ane (CH,), nitrous oxide (N20), and others—selectively intercept some of this far in-
frared radiation, preventing its escape. A warmer Earth emits more infrared radi-
ation, and Earth with an average surface temperature of 57°F was able to make
up the shortfall from greenhouse gas absorption. However, at Exist slowly during
the 19th century and then more rapidly throughout the 20th century, the atmos-
pheric concentrations of these greenhouse gases increased, often because of the ac-
tivities of mankind. Other greenhouse gases have also been added, such as the
chlorofluorocarbons or CFCs, (CCIl.F2, CCI3F, etc.) and tropospheric ozone (O3). With
more of these gases present in the atmosphere, more infrared will be intercepted,
and a further temperature increase will be required to maintain the energy balance.

Carbon dioxide is released by the combustion of fossil fuels—coal, oil and natural
gas—and its atmospheric concentration has increased from about 280 ppm as the
19th century began to 315 ppm in 1958 and 370 ppm now. Water (H20) is actually
the most significant greenhouse gas in absorbing infrared radiation, but the amount
of gaseous water is controlled by the temperature of the world’s oceans and lakes.
Methane has a natural source from swamps, but is also released during agricultural
activities—for example, from rice paddies while flooded, and from cows and other
ruminant animals—and by other processes, increasing from about 0.70 ppm in the
early 1800’s to 1.52 ppm around 1978 and 1.77 ppm currently. Nitrous oxide con-
centrations grew from 0.27 to 0.31 ppm during the 20th century, formed by micro-
bial action in soils and waters on nitrogen-containing compounds including fer-
tilizers. The chlorofluorocarbons (CFCs) were not a natural part of the atmosphere,
but were first synthesized in 1928, and were then, applied to a variety of uses—
propellant gases for aerosol sprays, refrigerants in home refrigerators and auto-
mobile air conditioners, industrial solvents, manufacture of plastic foams, etc. The
CFC concentrations started from zero concentration in the 1920’s, and rose rapidly
during the latter part of the 20th century until the early 1990’s. They are no longer
increasing because of the Montreal Protocol, an international ban on their further
manufacture. Tropospheric ozone is a globally important compound formed by photo-
chemical reactions as a part of urban smog in hundreds of cities. Other potential
influences on temperature changes for which the globally averaged data are still
very sparse include the concentrations of particulate matter such as sulfate and
black carbon aerosols.

Measurements of surface temperatures only became sufficiently broad in geo-
graphical coverage about 1860 to permit global averaging with improved coverage
as the years passed. The globally averaged surface temperature increased about
1.1°F during the 20th century, with about half of this change occurring during the
past 25 years. 1998 was the warmest year globally in the entire 140-year record,
and the 1990’s were the warmest decade. Fluctuations in solar activity have been
directly observed wince the invention of the telescope 400 years ago, but accurate,
direct measurements of total solar energy output have only been possible with the
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advent of satellite measurements in the late 1970’s. These satellite data exhibit a
small but definite cyclic variation over the last two decades, paralleling the 11-year
solar sunspot cycle, but with little long term difference in solar energy output con-
temporary with the rising global temperatures of the past two decades.

Predictions of future temperature responses require atmospheric model calcula-
tions that effectively simulate the past, and then are extrapolated into the future
with appropriate estimates of the future changes in atmospheric greenhouse gas
concentrations. These models calculate the direct temperature increases that addi-
tional greenhouse gases will cause, and the further feedbacks induced by these tem-
perature changes. One of the most prominent of these is the change in albedo (sur-
face reflectivity) in the polar north—when melting ice is replaced by open water (or
melting snow replaced by bare ground), less solar radiation is reflected back to
space, and more remains at the surface causing a further temperature increase. The
models also assume that more water will remain in the atmosphere inn response
to the temperature increases, providing another positive feedback. There is an addi-
tional possible feedback from the changes in clouds—amount, composition, and alti-
tude. In present models, the cloud feedback is assumed to be small, but data for
better evaluation are very difficult to obtain.

Extrapolations for 50 or 100 years in the future necessarily include hypotheses
about future societal developments, including population growth, economic activity,
etc. The Intergovernmental Panel on Climate Change (IPCC) developed a large set
of scenarios about the possible course of these events over the next century, with
resulting model calculations of globally averaged temperature increases for the year
2100 relative to 1990 ranging from 2.5° to 10.4°F (1.4-5.8°C). These results were
only a small part of the three IPCC reports issued during 2001 about Climate
change. Volume I of the IPCC reports treated the “Scientific Basis”, Volume II cov-
ered “Impacts, Adaptation and Vulnerability”, and Volume III “Mitigation”.

The National Academy of Sciences, in response to a May 2001 request from the
White douse, and following discussions between the administration and the Acad-
emy over some questions raised by the former, convened an 11-member scientific
panel, which issued in June a 24-page report “Climate Change Science. An Analysis
of Some Key Questions” from a select committee of atmospheric scientists. I quote
the first few sentences of this report, and have appended the entire report to this
testimony: “Greenhouse gases are accumulating in Earth’s atmosphere as a result
of human activities, causing surface air temperatures and subsurface ocean tem-
peratures to rise. Temperatures are, in fact, rising. The changes observed over the
last several decades are likely mostly due to human activities, but we cannot rule
gult that some significant part of these changes is also a reflection of natural varia-

ility.”

The increasing global temperatures will have many consequences, often adverse
in the long run. Because many of the causes of this temperature increase have their
origin in the activities of mankind, actions can and should now be taken which will
slow this rate of increase.
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Forewaord

This study originated from a White House request to help inform the Administration’s ongomg review of U.S. climate
change policy. In particular, the written request (Appendix A) asked for the National Acad i in jdentifying the
arcas in the science of climate change where there are the greatest certainties and uncertainties,” and “views on whether there
are any substantive diffe t the IPCC [Intergovernmental Panel on Climate Change] Reports and the [PCC summa-
ries.” [ addition, based on di jons with the Administration, the following specific questions were jncorporated into the
statement of task for the study:

« What is the range of natural variability in climate?

© Are concentrations of greenhouse gases and other emissions that contribute to climate change increasing at an acceler-
ating rate, and are different greenhouse gases and other emissions increasing at different rates?

* How long does it 1ake to reduce the buildup of greenhouse gases and other emissions that contribute 10 climate change?

= Whas other emissions are contributing factors to climate change (e.g., acrosols, CO, black carbon soot), and what is their
relative contribution to climate change?

* Do different greenhouse gases and other emissions have different draw down periods?

= Are greenhouse gases causing climate change?

 Is climate change occurring? If so, how?

» Is human acrivity the cause of increased ions of greenh gases and other emissions that contribute to
climate change?

* How much of the expected climate change is the consequence of climate feedback processes {e.g., water vapor, clouds,
snow packs)?

* By how much will temperatures change over the ncxt 100 years and where?

» What will be the c g (e.2., ther, health effects) of increases of various magnitudes?
* Has science detemsmed whethcr there is a “safe” level of concentration of greenhouse gases?
* What are the sul es b the IPCC Reports and the Summaries?

* What are the specific areas of science that need 1o be studied further, in order of priority, to advance our understanding
of climate change?

The White House asked for aresp “as go0n as possible” but no later than early Junc—less than one month after submitting
its formal requost.

The National Academies has a mandate arising froro Its 1863 charter to respond to government requests when asked. In view
of the critical nature of this issue, we agreed to undertake this study and to use our own funds to support it.

A distinguished committee with broad eapertise and diverse perspectives on the scientific issues of chimate change was
thercfore appointed through the National Academies’ National R h Council (see Appendix B for biographical informa-
tion on commities mermbers). In carly May, the cornmittee held a conference call to discuss the specific questions and to
prepare for its 2-day meeting (May 21-22, 2001) in lrvine, California, The i d the 14 questi and deter-
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vili FOREWORD
mined that they represent important issucs in climate change science and could serve as 2 usefu! framework for addressing the
two gencral questions from the White House.

For the task of comparing IPCC Reports and Surmunaries, the committee focused its review on the work of [PCC Working
Group I, which dealt with many of the same detailed questions being asked above. The cominittee decided to address the
questions in the context of a brief document that also could serve as a primer for policy makers on climate change science. To
aid in the presentation, the questions have been ized into seven i with the questi adch d in each section
listed in iralics at the beginning of that section.

While traditional ah for an independent NRC study, including review of the report by independent experts, were

foflowed, it is irnportant to note that tradeoffs were roade in order to acec date the rapid schedule. For le, the report
does not provide extensive references to the scientific literature or marshal detailed evidence to support its “answers™ to the
questions, Rather, the report largely presents the consensus scientific views and judg of e i bers, based on

the accumulated knowledge that these individuals have gained-—both through their own scholarly efforts and through formal
and informal interactions with the world’s climate change science community.

The result is a report that, in my view, provides policy makers with a succinct and balanced overview of what science can
curently say about the potential for future climate change, while outlining the uncertainties that remain in our scientific
knowledge.

The report does not make policy recommendations regarding what to do about the potential of global warming. Thus, it does
not estimate the potential economic and environmental costs, benefits, and uncertainties regarding various policy responses and
future human behaviors. While beyond the charge presented to this commitee, scientists and social scientists have the ability
to provide assessments of this type as well. Bath types of assessments can be helpful to policy makers, who frequently have to
weigh tradeoffs and make decisions on important issues, despite the inevitable uncertainties in our scientific understanding
concerning particular aspects, Science never has all the answers, But science does provide us with the best available guide to
the future, and it is critical that our nation and the world base jraportant policies on the best judgments that science can provide
conceming the future consequences of present actions.

1 would especially like to thank the members of this committee and its staff for an incredible effort in producing this
tmportant report in such a short period of time. They have sacrificed many personal commitments and worked long weekends
16 provide the nation with their considered judgments on this critical issue.

Bruce Alberts
President
National Academy of Sci
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Summary

Greenhouse gases are accumulating in Earth's ammo-
sphere as a result of human activities, causing surface sir
temperatures and subsurface ocean temporaturcs to rise.
Temperartures are, in fact, rising. The changes observed over
the ast several decades are likely mostly due to human ac-
tivities, but we cannot rule out that some significant part of
these changes is also a reflection of natural vadability.
Humaun-induced warming and associated sea level tiges are
expected to continue through the 21st century. S d:

tive to assumptions concerning future concentrations of
greenhousc gascs and acrosols, Hence, national policy deci-
sions made now and in the longer-term future will influence
the extent of any damage suffered by vulncrsble human
populations and ecosystems later in this century. Because
there is considerable uncertainty in current understanding of
how the climate system varics naturally and reacts to emis-
sions of greenhouse gases and aerosols, current estimates of
the magnitude of future warming should be regarded as ten-

effects are suggested by computer model simulations nnd
basic physical reasoning. These include increases in rainfall
rates and imereased susceptibility of semi-ard regions to
drought. The impacts of these changes will be critically de-
pendent on the magnitade of the warming and the rate with
which it occurs.

‘The mid-range model estimate of human induced global
warming by the Intergovernmental Panel on Climate Change
(IPCC) is based on the premise that the growth rate of cli-
mate forcing! agents such as carbon dioxjde will accelerate,
The predicted warming of 3°C (5.4°F) by the end of the 215t
contury is i with the ptions about how clouds
and atmospheric relatdve humidity will react to global warm-
ing. This is also i with i about
the sensitivity? of climate drawn from comparing the sizes of
past temperature swings between ice ages and intervening
warmer periods with the corresponding changes in the clis
mate forcing. This predicted temperature increase is sensi-

1A climate forcing is defined a3 an imposed perturbation of Earth's
epergy balance. Climate forcing is typically measured jn watts per square
meter (W/m2).
2The sensitivily of the climae system to & prescribed fnmng i com-
monly interms of the global h would
be expected after a time sufficiently long for both tha atmosphere and ocean
o come to equilibium with the chumge in climate forving.

tative and subject to future adjustments (either upward or
downward).

Reducing the wide range of uncertainty inherent in cor-
rent model predictions of global climate change will require
major advances in understanding and modeling of both (1)
the factors that determine atmosphberic concentrations of
gases and ls, and (2) the so-called “feed-
backs” that determine the sensitivity of the climate system to
a prescribed increase in greenhouse gases. There also is a
pressing need for a global observing system designed for
monitoring climate,

‘The committee generally agrees with the assessment of
human-caused climate change presented in the IPCC Work-
ing Group I (WGI) scientific report, but seeks here to articu»
Jate more clearly the Jevel of confidence that can be ascribed
1o those assessments and the caveats that need to be attached
to them. This anticulation may be helpful to policy makers as
they consider a variety of options for mitigation and/or adap-
tation. In the sections that follow, the committee provides
brief responses to some of the key questions related to cli-
mate change science. More detailed responscs 1o Lhese ques-
tions wrc located in the main body of the text.

What is the range of natural variability in climate?

The range of natural climate varisbility is kaown to be
quite laxge (in excess of several degrees Celsius) on local
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and regional spatial scales over periods as short as a decade.
Precipltation also can vary widely. For examplc, there is evi-
dence to suggest that droughts as severe as the “dust bowl”
of the 19305 were much more common in the central United
States during the 10th to 14th centuries than they have been
in the more recent record, Mean temperature variations at
local sites have excecded 10°C (18°F) in association with
the repeated glacial advances and retreats that oceurred over
the course of the past million years. It is more difficult to
estimate the vatural variability of global mean temperature
because of the sparse spatial coverage of existing data and
difficulties in inferring temperarures from various proxy
data. Nonetheless, evidence suggests that global warming
rates as large as 2°C (3.6°F) per millennium may have oc-
currcd during retreat of the glaciers following the most re-
cent jce age.

Are concentrations of greenhouse gases and other emis-
sions that conzribute to climate change increasing at an ac-

leraring rate, and ure diffe greenh gases and other
emissions increasing ar different rares? Is human activity
the cause of increased concentrations of greenhouse gases
and other emissions that contribute to climate change?

The emi of some gr gases are i g
but others are decreasing. In some cases the decreascs are a
result of policy decisions, while in other cases the reasons
for the decreases are not well understood.

Of the greenhouse gases that are directly influenced by
human activity, the most important are carbon dioxide, meth-
ane, ozone, nitrous oxide, and chlorofluorocarbons (CFCs).
Aerosols released by human activities are also capable of
influencing climate. (Table 1 lists the estimated climate fore-
ing due to the presence of each of these “climate forcing
agents” in the atmosphere.)

Concentrations of carbon dioxide (CO,) extracted from
ice cores drilled in Greenland and Antarctica have typically
ranged from near 190 parts per million by volume (ppmv)
during the ice ages to ncar 280 ppmv during the warmer
“interglacial” periods like the present one that began around
10,000 years ago. Concentrations did not rise much abave
280 ppmv until the Industrial Revolution. By 1958, when
sy i pheric began, they had
reached 315 ppmv, and they are currently ~370 ppmv and
rising at a rate of 1.5 ppmv per year (slightly higher than the
rate during the early years of the 43-yesr record). Human
activities are responsible for the i The primary
source, fossi! fuel burning, has released roughly twice as
much carbon dioxide as wouid be required to account for the
observed increase. Tropical deforestation also has contrib-
uted to carbon dioxide releases during the past few decades.
The excess carbon dioxide has been taken up by the oceans
and land biosphere.

Like carbon dioxide, methane (CH,) is more abundant in
Earth’s atnosphere now than at any gme during the 400,000
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year long ice core record, which dates back over a number of
glacial/interglacial cycles. Concentrations increased rather
smoothly by about 1% per year from 1978, until about 1950,
The rate of increase slowed and became more erratic during
the 1990s. Abour two-thirds of the current emissions of meth-
ane arc rolessed by human activitics such as rice growing,
the raising of cattle, coal mining, use of land-fills, and naty-
ral gas handling, 51 of which have increascd over the past 50
years,

A small fraction of the ozone (O,) produced by natural
processes in the stratosphere mixes into the lower atmo-
sphere. This “tropospheric ozone™ has been supplemented
during the 20th century by additional ozone, created locally
Dby the action of sunlight upon air polluted by exhausts from
motor vehicles, emissions from fossil fuel burmning power
plants, and biomass burning.

Nitrous oxide (N,O) is formed by many wicrobial reac-
tions in soils and waters, including those acting on the in-

ing of nitrogy ining fertilizers. Some
synthetic chemical processes that release nitrous oxide have
also been identified. Its concentration has increased approxi-
mately 13% in the past 200 years.

Atmospheric concentrations of CFCs rose steadily fol-
lowing their first synthesis in 1928 and pesked in the eatly
1990s, Manty other industrially useful fluorinated compounds
(e.g., carbon tetrafluoride, CF,, and sulfur hexafluoride,
SF), have very long atmospheric lifetimes, which is of con-
cern, even though their atmospheric concentrations have not
yet produced large radiative forcings. Hydrofluorocacbons
(HECs), which are replacing CFCs, have a greenhouse ef-
fect, but it is much less pronounced because of their shorter
atmospheric lifetimes, The sensitivity and generality of mod-
ern analytical systems make it quite unlikely that any cur-
rently significant greenhouse gases remain to be discovered.

-CC

What other emissions are contributing factors lo climate
change (e.g., aerosols, CO, black carbon soat), and what is
their relative contribution to climate change?

Besides greenhouse gases, human sctivity also contrib-
utes to the pheric burden of 1s, which include
both salfate particles and black carbon (soot). Both are un-
evenly distributed, owing to their short ifetimes in the atmo-
sphere. Sulfate particles scatter solar radiation back to space,
thereby offsctting the greenhouse effect 1o some degree.
Recent “clean coal technologies™ and use of low sulfur fuels

1 1h

have resulted in sulfate p
in North America, reducing this offsct. Black carbon aero-
sols are end-products of the i i b of fossil

fuels and biomass burning (forest fires and land clearing).
They impact radiation budgets both directly and indirectly;
they are believed to contribute to global warming, although
their relative importance is difficult to quantify at this point.
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How long does it take to reduce the buildup of green-
house gases and other emissions that confribute 10 climate
change? Do different greenhouse gases and other emissions
have different draw down periods?

TABLE } Removal Times and Climate Forcing Values
for Specified Atmospheric Gases and Acrosols

Approximate Climate Forcing {(W/m?)
Forcing Ageat Removal Times?  Up to the year 2000
Greenbouse Gages
Cabon Dioxide >100 yeurs L3w 15
Methane 10 yoars 051007
Tropospheric Ozone  10-100 days 025w 075
Nigous Oxlde 100 years 011002
Perflunrocarbion >1000 yoars 3143
Compounds
(Including SFg)
Fine Acrosols
Suifate 10 dsys -0,3 10 -1.0
Black Carbon 10 days 01008
3A removal time of 100 b 11, of the sub

wotld be gooe in 100 years. Typically, the amount remaining at the cnd of
100 yoars is 37%: afior 200 years 14%; afier 300 years 5%; after 400 years
2%.

Is climate change ocewrring? If so, how?

Weather station records and ship-based observations in-
dicate that global mecan surface air temperature warmed be-
tween gbout 0.4 and 0.8°C (0.7 and 1.5°F) during the 20th
century. Although the magmitude of warming varies locally,
the warming trend is spatially widespread and is consistent
with an armay of other evidence detailed in this teport. The
occan, which represents the Jargest reservoir of heat in the
climate system, has warmed by about 0.05°C (0.09°F) aver-
aged over the layer extending from the surface down to
10,000 feet, since the 1950s.

The observed warming has not procceded at a uniform
rate. Vinmally all the 20th century warrning in global surface
air temp occurred b the early 1900s and the
1940s and during the past few decades. The h
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ing gasc y reflects
the cugrent thinking of the scicatific community on this is-
sue, The stated degree of confid inthe IPCC
is higher today than it was 10, or even 5 years ago, but uncer-
tainty remains because of (1) the level of natural vadability
inherent in the climate sysiem on time scales of decades to
centuries, (2) the questionable ability of models to accurately
simulate natural variability on those long time scales, and
(3) the degree of confidence that can be placed on recon-
structions of global mean temperature over the past millen-
nium based on proxy evidence. Despite the uncertsinties,
there is gencral agreement that the observed warming is real
and particularly strong within the past 20 ycars. Whether itis
consistent with the change that would be e¢xpected in
response to human activities is dependent upon what
assumptions one makes about the time history of ammo-
spheric concentrations of the various forcing agents, particu-
larly acrosols.

By haw much will semperatures change over the next 100
years and where?

Climate change simulations for the period of 1990 to 2100
based on the IPCC emissions scenarios yield a globally-av-
evaged surface temperature ipcrease by the end of the cen-
tury of 1.4 16 5.8°C (2.5 to 10.4°F) relative to 1990. The
wide range of uncertainty in these estimates reflects both the
differcnt assumptions sbout future concentrations of green-
house gases and aerosols in the various scensrios considered
by the IPCC and the differing climatc sensitivities of the
various climate models uscd in the simulations. The range of
climate sensitivitics implied by these predictions is gener-
ally consistent with previously reported values.

The predicted warming is larger over higher latitudes than
over low [atitndes, especially during winter and spring, and
larger over land than over sea. Rainfall rates and the fre-
queney of heavy p jon cveats are predicted to in-
crease, particularly over the higher latitudes. Higher evapo-
ration rates would accelerate the drying of seils following
rain events, resulting in Jower relative humidities and higher
daytime temperatures, especially during the warm season.
The likelikood that this effect could prove important is great-
cst in semi-arid regions, such as the U.S. Great Plains. These

warmed much more during the 1970s than during the twn
subsequent decades, whercas Barth's surface warmed more
during the past two decades than during the 1970s. The
causes of these irregnlarities and the disparities in the tming
are not completely understood. One striking change of the
past 35 years is the cooling of tha stratosphere at altimdes of
~13 miles, which bas tended to be concentrared in the win-
tertime polar cap region.

Are greenhouse gases causing climate change?

The IPCC’s conclusion that most of the observed warm-
ing of the last 50 years is likely to have been due to the

predictions in the IPCC report are consistent with current
ding of the p that control tocal climate.
In addition to the [PCC scenarios for future increases in
£as conc 3 the i idercd a
scenario based on an energy policy designed to keep climate
change moderate in the next 50 years, This scenario takes
into account not only the growth of carhon emissions, but
also the changing concentrations of ather greenhouse gases
and aerosols.
Sufficient time has elapsed now 10 enablc comparisons
between observed trends in the conceatrations of carbon di-
oxide and other greenhouse gases with the trends predicted
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in previous IPCC reports. The increase of global fossil fuel
carbon dioxide emissions in the past decade has averaged
0.6% per year, which is somewhat below the rauge of IPCC
scenarios, and the same is true for atmospheric methane con~
centrations. It is not known whether these slowdowns in
growth rate will persist.

How much of the expected climate change is the conse-
quence of climate feedback processes (e.g., water vapor,
clouds, snow packs)?

The contribution of feedbacks to the climate change de-
pends upon “climate sensitivity,” as described in the report.
If a central estimate of climate sensitivity is used, about 40%
of the predicted warming is due to the direct effects of green-
house gases and aerosols. The other 60% is caused by feed-
backs. Water vapor feedback (the additi greenh ef-
fect accruing from ing oc ions of atmospheric
water vapor as the atmosphere warns) is the most important
feedback in the models. Unless the relative humidity in the
tropical middle and upper troposphere drops, this effect js
expectedto i the temp resp o in
hurman induced greenh gasc« by a factor of
1.6. The ice-albede feedback {the reduction in the fraction of
incoming solar radiation reflected back to space as snow and
ice cover recede) alsg is believed to be important. Together,
these two feedbacks amplify the simulated climate response

CLIMATE CHANGE SCIENCE

risks involved are difficult to quantify at this point and are,
in any case, beyond the scope of this brief report.

Health outcomes in response to climate change are the
subject of intense debate. Climate is one of a number of fac-
tors influencing the incidence of infectious disease. Cold-
related stress would decline in a warmer climate, while heat
stress and smog induced respiratory illnesses in major urban
arcas would increase, if no adaptation occurred. Over much
of the United States, adverse health outcomes would likely
be mitigated by a strong public health system, relatively high
levels of public awareness, and a high standard of living,

Global warming could well have serdous adverse societal
and ecological impacts by the end of this century, especiaily
if globally-averaged p i pproach the
upper cod of the IPCC prajections. Even in the ymore conser-
vative scenarios, the models project remperatures and sea
levels that continue to incrcase well beyond the end of this
eentury, suggesting that assessments that cxamine only the
vext 100 years may well underestimate the magnitude of the
eventual fmpacts.

Has sclence determined whether there isa “safe” level of
concentration of greenhouse gases?

The question of whether there exists a “safe” level of con~
centration of greenhouse gases cannot be answered dircetly
because it would require a value judgment of what consd-
futes an P risk to human welfare and ecosystems in

to the greenhousc gus forcing by a factor of 2.5. In additi
changes in cloud cover, in the relative amounts of high ver-
sus low clouds, and in the mean and vertical distribution of
relative humidity could either or reduce the ampli«
tude of the warraing, Much of the difference in predictions
of global warming by various climare models is attributable
10 the fact that each model represents these processes in its
own particular way. These uncertainties will remain until a
more fundaments) understanding of the processes that con-
wol heric relative humidity and clouds is achieved.

What will be the consequences (e.g., extreme weather,
health effects} of increases of various magnitude?

In the near term, agriculture and forestry arc likely to ben-
efit from carbon dioxide fertilization and an increased water
efficiency of some plants at higher ammosphetic CO, con-

ions. The optimal climate for crops may change, re-
quiring significant regional adaptations. Some modcls
project an increased tendency toward drought over semi-arid
regions, such as the U.S. Great Plains. Hydrologic impacts
could be significant over the western United States, where
much of the water supply is dependent on the amount of
snow pack and the timing of the spring runoff. Inceased
rainfall rates could impact pollution run-off and flood con-
trol. With higher sea level, coastal regions could be subject
to increased wind and flood damage even if tropical storms
do not change in intensity. A significant warming also conld
have far reaching implications for ecosysterns. The costs and

various parts of the world, as well as a morc guantitative
assessment of the risks and costs associated with the various
impacts of global warming. In general, however, risk in-
creases with increases in both the rate aed the magnitude of
climate change.,

What are the substantive differences betwesn the IPCC
Reports and the Summaries?

The comumittee finds that the full IPCC Working Group I
(WGI) report is an admirable summary of research activities
in climate science, and the full report is adequately sumra-
rized in the Technica! Summary. The full WGI seport and its
Technical Summary are not specifically directed at policy.
The Swmmary for Policymakers reflects less emphasis on
communicating the basis for uncertainty and a stronger em-
phasis on areas of major coucern associated with human-
induced climate change. This change in emphasis appears to
be the result of 2 sunumary process in which scientists work
‘with policy makers on the document, Written responses from
U.S. coordinating and lead scientific zuthors to the commit-
tec indicate, however, that (a) no changes were made with-
out the consent of the convening lead authors (this group
represents a fraction of the lead and contmbuting zuthors)
and (b) most changes that did occur lacked significant im-

pact.
It is critical that the IPCC process remain truly represen-
tative of the scientifi ity. The ittee’s concerns
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focus primarily on whether the process is likely to become
less representative in the future becausc of the growing vol-
untary time commitment required to participate as a lead or
coordinating author and the potential that the scientific pro-
cess will be viewed as being too heavily influenced by gov-
ernments which have specific postures with regard to trea-
ties, emission controls, and other policy instruments. The
United States should promote actions that improve the IPCC
process while also ensuring that its strengths arc maintained.

What are the specific areas of science that need to be
studied further, in order af priority, to advance our under-
standing of climate change?

Making progress in reducing the large uncertainties in
prajections of fature climate will require addressing a nur-
ber of fundamental scicntific questions relating to the buildup
of greenhouses gases in the atmosphere and the behavior of
the climate system. Issues that need to be addressed include
(a) the future usage of fossil fuels, (b) the future emissions of
methane, () the fraction of the future fossil-fuel carbon that
will remain in the atmosphere and provide radiative forcing
versus exchange with the oceans or net exchange with the
land biosphere, (d) the feedbacks in the climate system that

ine both the de of the change and the rate of
encrgy uptake by the oceans, which together detcrmme the
magnitude and time history of the for
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a given radiative forcing, (¢) details of the regional and local
climate change conscquent to an overal} level of global cli-
mate change, (f) the nature and causes of the natural vari-
ability of climate and its interactions with forced changes.
and (g) the direct and mdm:ct effec\‘< of the changmg distri-
butions of aerosols. N a pro-
gram of basic h, funded and ly
of the climate assessment acrivity, will be cmcxal for nar-
rowing these uncertaindes,

In addition, the research enterprise dealing with environ-
mental change and the Interactions of human society with
the envi must be d, This inchudes support of
(a) interdisciplinary research that couples physical, chemi-
cal, biological, and buman systems, (b) an improved capa-
bitity of integrating scientific knowledge, including its
uneertainty, into effective decision support systems, and
{c) an ability to conduct sesearch at the regional or sectoral
level that promotes apalysis of the response of human and
namral systems to multiple stresses.

An effective strategy for advancing the understanding of
climate change also will require (1) a global observing sys-
tem in support of long-term climate monitoring and predic-
non, (2) concentranun on large-scale modeling through

3 ind. 4

dedi g and human resources,
and (3) efforts to ensure ﬂm chmate research is supported and
d 1o ensure i , effectiveness, and efficicncy.

P
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Climate, Climate Forcings, Climate Sensitivily, and
Transient Climate Change

CLIMATE

Climate is the average state of the atmospherc and the
underlying land or water, on time scales of seasons and
longer. Climate is typically described by the statistics of a
set of atmospheric and surface vatiables, such 2s tempera-
ture, precipitation, wind, humidity, cloudi soil moisture,
sea surface temp and the ation and thick
of sea ice. The statistics may be in terms of the long-term
average, as well as other measures such as daily minimum
temperature, length of the growing season, or frequency of
floods. Although climate and climate change are usually pre-
sented in global mean terms, there may be large local and
regional deparoares from thesce global means. These can ei-
ther mitigate or cxaggerate the impact of climate change in
different parts of the world.

A number of factors contribute to climate and climate
change, and it is uscful to define the terms climate forcings,
climate sensitivity, and trapsient climate change for discus-
sion below,

CLIMATE FORGINGS

A climate forcing can be defined as an imposed perturba-
tion of Esrth's energy balance. Bncrgy flows in from the
sun, much of it in the visible wavelcngths, and back out again
as long-wave infrared (heat) radiation. An increase in the
Jurninosity of the sun, for example, is & posjtive forcing that
tends to make Earth warmer. A very large volcanic eruption,
on the other hand, can increase the aerosols (fine particles)
in the lower stratosphere (altitudes of 10-15 imiles) that
reflect sunlight to space and thus reduce the solar energy
delivered to Earth’s surface. These examples are natural
forcings. Human-made fi result from, for example, the
gases and aerosols produced by fossil fuel burning, and

-afterations of Earth’s surface from various changes in land

use, such as the conversion of forests into agricuitural land.
Those gases that sbsotb infrared radiation, i.¢., the “green-
house” gases, tend to prevent this heat radiation from escap-
ing to space, leading eventyally to 3 warming of Earth’s sur-
face, The observations of human-induced forcings underiie
the current concems about climate change.

The unit of for climatic forcing agents
is the crergy perturbation that they introduce into the cli-
mate system, measured in upits of wally per square meter
(W/m*). The es from such s are gften then
expressed as the change in average global temperature, and
the conversion factor from forcing 1o temperamre change is
the sensitivity of Earth’s climate system. Although some
forcings——volcanic plumes, for example—arc not global in
nature and temperature change may aiso not be uniform,
comparisons of the strengths of individual forcings, over
comparable areas, are useful for estimating the relative ir-
portance of the various processes that may cause climate
change.

CLIMATE SENSITIVITY

The scnsitivity of the climate system to a forcing is com-
monly expressed in terms of the global mean temperature
change that would be expected after a time sufficiently long
for both the atmosphere and ocean to come to equilibrium
with the change in climate forcing. If there were no climate
feedbucks, the response of Earth’s mean temperature 10 a
forcing of 4 W/m? (the forcing for a doubled aumospheric
CO,) would be an increase of about 1.2°C (about 2.2°F).
However, the total climate change is affected not only by the
immediate direct forcing, but also by climate “feedbacks”
that come into play in response to the forcing. For example,
a climate forcing that causes warming may melt some of the
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scaice, This is a positive fecdback because the darker ocean
absorbs more suntight than the sea ice it replaced. The re-
sponses of stmospheric water vapor amount and clouds prob-
ably generate the most important global climate feedbacks.
The pature and magnitade of these hydrologic feedbacks
give rise to the largest source of uncertainty about climate
sensitivity, and they are an area of continuing research.

As just mentioned, a doubling of the concentration of car-
bon dioxide {from the pre-Industrial value of 280 parts per
million) in the global atmosphere causes a forcing of 4 W/
m?. The central value of the climate sensitivity to this change
is a global average temperature increase of 3°C (5.4°F), but
with a range from 1.5°C to 4.5°C (2.7 to 8.1°F) (based on
climate system models: see section 4), The central value of
3°C is an amplification by a factor of 2.5 over thc direct
effect of 1.2°C (2.2°F). Well-documented climate changes
during the history of Earth, especially the changes between
the Jast major ice age (20,000 years ago) and the current
warm period, imply that the climate sensitivity is near the
3°C value. However, the truc climate sensitivity remains
uncertain, in part because it is difficuit to model the effect of
cloud feedback. In particular, the ftade and even the
sign of the fe k cap differ ding to the pOSsiti
thickness, and altitude of the clouds, and some studies have
suggested a lesser climate sensitivity. On the other hand,
evidence from paleoclimate variations indicates tha climate
sensitivity could be higher than the above range, although
perhaps only on longer time scales.

TRANSIENT CLIMATE CHANGE

Climate fluctuates in the absence of any change in forcing,
just as weather fluctuates from day to day, Climate also
responds i a systematic way to climate forcings, hut the
esponse can be stow because the ocean requires time to warm
(or cool) in response ko the forcing. The response time depends
upon the rapidity with which the occan circulation transraits
changes in surface temperature into the deep ocean, If the cli-
mate sensidvity is as high as the 3°C mid-range, then a few
decades are required for just half of the full climate response to
e realized, and at least several centuries for the full response.!

Such a long climate response time complicates the climate
chauge issuc for policy makers because it means that a discov~
ered undesirable climate change is likely to require many de-
cades to halt or reverse.

Increases in the tempetature of the ocean that arc initiated in
the next fow decades will continue to raise sea leve] by ocean
thermal expansion over the next several centuries, Although
society might conclude that it is practical to live with substan-
fial climate chapge in the coming decades. it is also impertant
to consider further consequences that may occur in later centu-
Ties. The climate sesitivity and the dynamics of large ice sheets
becomc increasingly relevant on such Jonger time scales.

1tis also possible that climate could undergo a sudden large
change in rosy 0 lated cli forcing. The
paleack record ples of sudden large climate
changes, at least on regional scales. Understanding these rapid
changes is a current research challenge that is relevant to the
analysis of possible anthropogenic climate effects.

"The Sme required for the fill response to be realized depends, in pmt,
on the rate of host taasfer from the occan mixed layer (o the deeper ocean.
Slower transfer ieads to shorter respomse times on Earth’s suxface.



62

Natural Climatic Variations

What is the range of natural variability in climate?

Climate is continually varying on time scales ranging
from scasons to the lifctime of Earth. Natural climate
changes can take place on short time scales as a result of the
rapid alterations to forcings (as described in section 1). For
examplc, the injection of large quantities of sulfur dioxide
(50,), which changes to sulfuric acid droplets, and fine par-
ticulate material into the stratosphere (the region between 10
and 30 miles altitude where the temperature rises with in-
creasing altitude) by major voleanic eruptions like that of
Mt Pinatubo in 1991 can cause intervals of cooler than aver-
age global temperatures. Climate variability also can be gen-
erated by processes operating within the climate systeme—
the periodic rapid warming trend in the eastern Pacific Ocean
known as El Nifio being perhaps the best known example.
Each of these different processes produces climate variabil-
ity with its own characteristic spatial and seasonal signature,
For example, El Nifio typically brings heavy rainstorms to
coastal Ecuador, Peru, and California and droughts to Indo-
aesia and Northeast Brazil.

Over long time scales, outside the time period in which
humans could have a substantdve effect on global climare
(e.g., prior to the Industrial Revelution), proxy data (infor-
mation derived from the content of tree rings, cores from
marine sediments, pollens, etc.) have been used to estimate

the range of natural climate variability. An important recent
addition to the collection of proxy evidence is ice cores ob~
tained by international teams of scientists drilling through
miles of ice in Antarctica and at the opposite end of the world
in Greenland. The results can be used to make inferences
about climate and at heric conmpositi ding back
as long as 400,000 ycars. These and other proxy data indi-
cate that the range of natural climate variability is in excess
of several degrees C on local and regional space scales over
periods as short as a decade. Precipitation has also varied
widely. For example, there is evidence to suggest that
droughts as severe as the “dust bowl” of the 1930s were
much more common in the central United States during the
10th to 14th centuries than they have been in the more recent
record.

Temperature variations at local sites have excesded 10°C
(18°F) in association with the repeated glacial advances and
rerrcats that occurred over the course of the past million
years. Itis more difficult to estimate the naturs] variability of
global mean temperature because luge areas of the world
are not sampled and because of the large uncertainties inher-
cnt in temperatures inferred from proxy evidence. Nopethe-
less, evidence suggests thar global warming rates as large as
2°C (3.6°F) per millenninm may have occurred duting the
retreat of the glaciers following the most recent ice age.
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Human Caused Forcings

Are concentrations of greenhouse gases and other emis-
sions that contribute to climate change increasing at an uc-
celerating rate, and are different greenhouse gases and other
emissions increasing at different rates?

in Section 1, The CO,, CH,, N,O and H,0 are both produced
and utilized in many biclogical processes, although the ma-
jor source of gaseous water is evaporation from the oceans.
Ozone is created in the atmosphere by reactions initiated by
sunlight The CFCs are synthetic compounds developed and

Is human activity the cause of i atio
of greenhouse gases and other emissions that contribute to

climase change?

What other emissions ave contributing factors to climate
change (e.g., aerasols, CO, black carbon soot), and what is
their relative contribution to climate change?

How long does it take to reduce the buildup of green-
house gases and other emissions that contribute to climate
change?

Do different greeniwuse gases and other emissions have
different draw down periods?

Are greenhouse gases causing climate change?

GREENHOUSE GASES

The most important greenhouse gases in Barth's atmo-
sphere include carbon dioxide (CO,), methane (CH,), ni-
trous oxide (N,0), water vapor (EH,0), ozone (0,), and the
chlarofluorocarbons (CFCs including CFC-12 {CCLF,) and
CFC-11 (CCLF). In addition 10 reflecting ight, clouds
arc also 2 major greenhouse substance, Water vapor and
cloud droplets are in fact the dominant atmospheric absorb-
ers, and how these sub pond to climate f g8 15
a principal detexminant of climate sensitivity, as discussed

leased into the phere by b kind. In additi
sulfur hexafluoride (SF) and perfluorocarbon gases such as
carbon tetrafluoride (CF,) are very potent and nearly inert
greenhouse gases with ammospheric lifetimes much longer
than 1000 years.

The narural ph d many gr gases
whose atmospheric concentrations were determined by the
sum of the ongoing geophysical, biological, and chemical
reactions that produce and destroy them. The specific effects
of humankind’s activities before the indusuial era were im-
mersed in all of the natural dynamics and b bl
oaly in the immediate vicinity, as with the smoke from small
fires. The theoretical realization that human activities could
have a global discernible effect on the atmosphere came dur~
ing the 19th century, and the first conclusive measurements
of atmospheric change were made during the last half of the
20th century. The first greenhouse gas demonsirated to be
increasing in atmospheric concentration was carbon dioxide,
formed as a major end product in the exfraction of energy
from the buming of the fossil fuels—coal, oif, and natural
gas—as well as in the buring of biomass.

“The common characteristics of greenhouse gases are
(1) an ability 1o absorb terrestrial infrared radiation and (2)
presence in Barth’s at “The most irp green-
house gases listed above all contain three or more atoms per
molecule, Literally thousands of gases have been identified
as being present in the atmosphere at some place and at some
time. and a1l but a few have the ability to absorb terrestrial
infrared radiation. However, the great majority of these
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chemical compounds, both natural’ and anthropogenic, are
removed in hours, days, or weeks, and do not accumulate in
significant concentrations. Some can have an indirect green-
house effect, as with carbon monoxide (CO)2 If the average
survival time for a gas in the atmosphere is a year or longer,
thea the winds have time to spread it throughout the lower
atmosphere, and its absorption of terrestrial infrared radia-
tion occurs at all latitudes and longitudes. All the listed
greenhouse gases except ozone are relcased to the atmio-
sphere at Earth's surface and arc spread glabally throughout
the lower aumosphere.

The lifetime of CH, in the atmosphere is 10-12 years.
Nitrous oxide and the CFCs have century-long lifetimes be-
fore they are destroyed in the stratespherc. Atmospheric CO,
is not destroyed chemically, and its removal from the atmo-
sphere takes place through multiple processes that transiently
store the carbon in the land and ocean reservoirs, and ulti-
mately as mincral deposits. A major removal process de-
pends ou the ransfer of the carbon content of near-surface
waters to the deep ocean, which has a contury time scale, but
final removal stretches out over hundreds of thousands of
years. Reductions in the at heric ions of these
gases following possxble lowered cmission rates in the fu-
turc will stretch out over decades for meth and
and Jonger for carbon dioxide and nitrous oxide.

Methane, nitrous oxide, and oczone all have natural
sources, but they can also be imroduced into the atmosph
by the activitics of & kind. These suppl

Y sources
have contributed to the increasing concentrations of these
gascs during the 20th centry.

Carbon Dioxide

‘While all of the maJor greenhouse gases have both patu-
ral and anthrop ic the nature of
these processes varies wndt.ly among them. Cacbon dioxide
is naturally absorbed and released by the terrestrial biosphers
as well as by the oceans. Carbon dioxide is also formed by
the burnping of wood, coal, oil, and natural gas, and these
activitics have increased steadily during the last two centu-
ries since the Industrial Revolution. That the burning of fossil
fuels is & major cause of the CO, increase is evidenced by

’Wbue the sctivides of manhnduc part of the natural world, the con-

o most di thar “natural p
are those: Mwould sn'll exxsz withcur the presence of human bemgs those
thas sre sig by bumans are called “snthropo-

genie™.

2Bexh carbon monoxide and methane ace removed from the atmosphere
by chewical reaction with bydroxyl {OH). An increase in the carbon mon-
oxide uses up hydroxyl, slowing methane removal and allowing its conoen-
wation and greenbouse effect to Incrmase.

FFossil fuels are of biological origin and are deploted in both the stable
isorope 13C and (e radioactive inotops 1€, which has a balf-life of 5600
years,
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the concomitant decreases in the relative abundance of both
the stable and rad ive carbon i ? and the d c
in pheric oxygen. C high-precision measure-
ments have been made of ils atmospheric concentrations only
since 1958, and by the year 2000 the concentrations had in-
creased 17% from 315 parts per million by volume {ppmv)
0 370 ppmv. While the year-to-ycar increase varies, the av-
erage annual increase of 1.5 ppmv/year over the past two
decades is slightly greater than during the 1960s and 1970s.
A marked seasonal oscillation of carbon dioxide concentra~
tion exists, especially in the northern hemisphere becansc of
the extensive draw down of carbon dioxidc every spring and
summer as the grecn plants convert carbon dioxide into plant
material, and the retum jn the rest of the year as decomposi-
tjon exceeds photosynthesis. The seasonal effects arc quite
different north and south of the equator, with the variation
much greater in the northern hemisphere where most of
Earth’s land surface and its vegetation and soils are found.

The atmospheric CO, increase over the past few decades
is Jess than the input from human activities because a frac-
tion of the added CO, is removed by oceanic and terrestrial
processes. Until recently, the partitioning of the carbon sink
between the land and sea has been highly uncertain, but
recent high-precision measurements of the atmospheric
oxygen:nitrogen (O;:N,,) ratio have provided 2 crucial con-
straint: fossil fuel burning and terrestial uptake processes
have different 0,:C0, ratios, whereas the ocean CO, sink
bas no significant impact on atmospheric O,. The atmo-
sphetic CO, increase for the 19905 was about balf the CO,
emission from fossil fuel combustion, with the oceans and
land both serving as important repositorics of the excess
carbon, i.e., as carbon sinks,

Land gains and loses carbon by various processes: some
natural-like photosynthesis and decomposition, some con-
nected to land use and land management practices, and some
responding to the increases of carbon diexide or other nutri-
ents necessary for plant growth. These gains or losses domi-
nate the net land exchange of carbon dioxide with the atmo-
sphere, but some riverine loss 10 oceans is also significant.
Most quantifiable, as by forest and soil inventories, are the
above- and below-ground carbon losses from Jand clearing
and the gains in storage in trees from forest recovery and
msnagement. Changes in the frequency of fozest fires, such
as from fire suppression policies, and agricultural practices
for soil conservation may modify the carbon stored by land.
Climate vartiations, throngh their effects on plant growth and
decomposition of soil detritus, also have large effects on ter-
restrial carbon fluxes and storage on a ycar-to-year basis.
Land modifications, mainly in the middie latitudes of the
notthern hemisphere, may have been a net source of carbon
dioxide to the atmospharc over much of the last century.

ve esti have only been possible
overthe last two decades, when forest clearing had shiftedto
the tropics. In the 1980s land became & small net sink for
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carbon, that is, the various processes storing carbon globally
exceeded the loss due to tropical deforestation, which by
itself was estimated to add 10-40% as much carbon dioxide
fo the atmosphcre as burning of fossil fuels. In the 1990s the
net storage on land became much larger, nearly as large as
the ocean uptake. How land contributes, by location and pro-
cesses, to exchanges of carbon with the atmosphere is still
highly uncertain, zs is the possibility that the substantial net
removal will continue to occur very far into the furare.*

Methane

Methane is the major component of natural gas and it is
also formed and released to the atmosphere by many bio-
logic processes in low oxygen environments, such as those
occurring in swamps, sear the roots of sice plants, and the
stomachs of cows. Such human activitics as riec growing,
the raising of cattle, coal mining, use of Jand-fills, and patral-
gas haodling have increased over the last SO years, and direct
and inadvertent emissions from these actxvmcs have been

N 1
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toward the present concentrations. Both carbon dioxide and
methane are more abundant in Barth's ammosphere now than
at any time dudng the past 400,000 years.

Other Greenhouse Gases

Nitrous oxide is formed by many microbial reactions in
soils and waters, mcludm° those processes acting on the in-
g of g fertilizers. Seme
synthetic chemical processes that rcIcasc nitrous oxide have
also been identified. Its concentration remained about 0.27
ppmv for at least 1,000 years until two centurics ago, when
the rise to the current 0.31 ppmv began.

Ozome is created mainly by the action of solar ultraviolet
radiation on molecular oxygen in the npper aimosphere, znd
mostof it in the ;s 1, a fraction of
such ozone descends na.mral]y into the lower atmosphere
where additional chemical processes can both form and
destroy it. This “tropospheric ozone™ has been supplemented
during the 20th century by additional ozone—an important
t of photoch smog——oxeated by the acticn

pamally for the i in
ation has been d globally
and contmuuusly for only two decades, and the majority of
the methane molecules are of recent biologic origin. The
concentrations of methane increased rather smoothly from
1.52 ppmv in 1978 by about 1% per year undl about 1990.
The rate of increase slowed down 1o less than that rate dur-
ing the 1990s, and also became more erratic; current values
are around 1.77 ppmv. About two-thirds of the current emis-
sions of methane are released by human activities. There is
no definitive scientific basis for choosing among several
possible cxplanations for these variations io the rates of
change of global methane concentrations, making it very dif-
ficult to predict its future atmospheric concentrations.

Both carbon dioxide and methane were irapped long ago
in air bubbles preserved in Greenland and Antarctic ice
sheets, These ice sheets are surviving relics of the series of
ice ages that Barth experienced over rhe past 400,000 years.
Cancentrations of carbon dioxide extracted froro ice cores
have typically ranged between 190 ppmv during the ice ages
to near 280 ppmv during the warmer “interglacial” periods
like the present onc that began around 10,000 years ago.
Conceptrations did not rise much above 280 ppmv until the
Industrial Revolution. The methane concentrations have alse
varied during this 400,000 year period, with lowest values of
0.30 ppmyv in the coldest times of the ice ages and 0.70 ppmv
in the warmest, until a steady risc began sbout 200 years ago

i3

*Ihe variations nnd ancertaisties in the land casbon balance sre impor-
tant not only fa the contemporiry carbon budget. While the terrestrial car
bon reservoins e small compared o0 the oces, the possibility of destabi-
lizing land coosyswms and relessing the stoted carbon, .¢. from the tumdrs
sofls, has been hypothesized.

of sunlight upon polt ‘ ining carbon and
anitrogen. The most imponant of the latter include compounds
such as ethylene (C,H,), carbon monoxide (CO), and nitric
oxide released in the exhaust of fossil-fuel-powered motor
vehicles and power plants and during combustion of bio-
mass. The lifctime of ozonc is short cnough that the
molecules do not mix the lower hy but
instead are found iu broad plumes downwind from the cities
of origin, which merge into regional effects, and into a lati-
tude band of relatively high ozone extending from 30°N to
50°N that encircles Earth during Northern Hcmsphete
spring and Thep of shorter-lived mo}
such as ozone, in the woposphere depends upon a steady
supply of ncwly formed molecules, such as those created
daily by waffic in the large cities of the world, The wide-
spread practice of clearing forests and agricultural wastes
(“biomass burning™), especially noticeable in the wopics and
the Southern Hemisphere. contributes to tropospheric ozone.

The chlorofluorocarbons (CFCs) are different from the
gascs considered above in that they have no significant nati-
al source but were synthesized for their technological util-
ity. Essentially all of the major uses of the CFCs—as refrig-
erants, serosol propell plastic foaming ageots, cleani
solvents, and so on——result in their release, chemxcally um]-
tered, into the bere, The 5t
of the CFCs rose, slowly at first, from zero before first syn-
thesis in 1928, and then more rapidly in the 1960s and 19705
wnhr.he {evelop ofa range of technol

i The were rising in the 19805 at

a ratz of about 18 parts per trillion by volume {ppty) per year
for CFC-12, 9 pptv/year for CFC-11, and 6 pptv/year for
CFC-113 (CCLFCCIF,). Because these molecules were
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identified as agents cansing the destruction of stratospheric
ozone,’ their production was banned in the industrial coun~
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trations near the production regions. Because of the scien-
tific unceriainties associated with the sources and composi-

tries as of January 1996 under the terms of the 1992
of the Montreal Protocol, and further emissions have almost
stopped. The atmospheric concentrations of CFC-11 and
CFC-113 are now slowly decreasing, and that of CFC-12
has been essentially level for the past scveral years, How-
ever, because of the century-long lifetimes of these CFC

lecules, apprecisbl pheric of each
will survive well into the 22nd century.

Many other fluorinated compounds (such as carbon tet-
rafluoride, CF,, and sulfur hexafluoride, SFy), also have tech-
nological utility, and significant greenhouse gas capabilitics.
Their very long aumospheric lifetimes are a source of con-
cem even though their atmospheric concentrations have not
yet produced large radiative forcings. Members of the clasg
of compounds called hydrofiuorocarbons (FIFCs) also bave
& greenhouse effect from the fluorine, but the hydrogen in
the molecule allows reaction in the troposphere, reducing
both its atmospheric lifetime and the possible greenhouse
effect. The atmospheric concentrations of all these gases,
which to datc are only very minot greenhouse contributors,
need to be continuously monitored 10 ensure that ne major
sources have developed. The scasitivity and generality of
modern analytic systems make it unlikely that any additional

h gas will be di yed that is alrcady & signifi-
cant contributor to the current total greenhouse effect.

AEROSOLS

Sulfate and carbon-bearing compounds associated with
particics (i.c., carbonaceous aerosols) are two classes of acro-
sols that impact radiative balances, and therefore influence
climate.

Black Carbon (soal)

The study of the role of black carbon in the atmosphere is
relatively new. As a result it is characterized pootly as o its
pOSiti ission source and influence on
radiation, Black carbon is an end product of the incomplets
combustion of fossi] fuels and biomass, the latter resulting
from both natural and human-influcnced processes. Most of
the black carbon is associated with fine particles (radius
<02 pm) that have global residence times of about one week.
These lifetimes are considerably shorter than those of most
greenhouse gases, and thus the spatial distribution of black
carbon aerosol is highly variable, with the greatest concen-

SEighty-five percent of the mass of the atmosphere lies in the tropo-
spbere, the rogion between the surface and au alttude of about 10 miles.
Abont 90% of Eaxth’s ozonc is found in the stratosphere, and the rest is in
the tropospbere,

tion of carb it 1s, projections of future imp

on climate are difficult. However, the increased burning of
fossil fuels and the i d bumning of bi for land
clearing may result in increased black carbon concentration
globally.

Sulfate

The precursor to sulfate is sulfur dioxide gas, which has
two primary natural sources: emissions from marine biota
and volcanic emissions. During periods of Jow voleanic ac-
tivity, the primary source of sulfur dioxide in regions down-
wind from continents is the combustion of sulfur-tich coals;
less is contributed by other fossil fuels. In oceanic regions
far removed from continental regions, the biologic source
should dominate. However, model analyses, accounting for
the ubiquitous presence of ships, indicate that even jo these
remote regions combustion is a major source of the sulfur
dioxide. Some of the sulfur dioxide attaches to sea-salt aero-
sol where it is oxidized to sulfate, The sea salt has a resi-
dence time in the atmosphere on the order of hours to days,
and It is trapsported in the Jower wroposphere. Most sulfate
acrosol is associated with small aerosols (radins
<1 pm) and is transported in the upper troposphere with an
atmospheric lifetime on the order of one week, Recent “clean
coal techaologies™ and the use of low sulfur fossil fuels bave

lted in d ing suifate . especially in
North America and regions do ind, Future pheri
concentrations of sulfate acrosols will be determined by the
extent of non-clean coal burning techniques, especially in
developing nations.

CLIMATE FORCINGS IN THE INDUSTRIAL ERA

Pigure 1 summarizes climate forcings that have been
introduced during the period of industrial development,
between 1750 and 2000, as estimated by the IPCC, Some of
these forcings, mainly greenhouse gases, arc known quite
aceurately, while others are poorly measured. A range of
uncertainty has been estimated for each forcing, represented
by an uncertainty bar or “whisker,” However, these osti-
mates are paitly subjective, and it is possible that the true
forcing falis outside the indicated range in some cases.

Greenhouse Gasas

Carbon dioxide (CO,) is probably the most important cli-
mate forcing agent today, causing an increased forcing of
about 1.4 WAn2 CO, climate forcing is likely to become
more dominang in the future as fossil fucl usc continues, If
fossil fuels continne to be used at the current rate, the added
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a ~ it and more cfﬁcxent agricultural pracuces) that lead

B - o2 in ic hane and i Iy re-

¥ o m Ao 7 duce future climate change. The amxosphmc lifetime of

i o, s methanc is of the order of 2 decade, therefore, unlike CO,,

g B Topmeie e Mpen Aemedet g | h will be reflected in ch d forcing rather
H 53] b [ Cowsingime quickly.

g 0 — = l ‘ tH Tropospheric ozone {ozone in the lower 5-10 miles of the

13 otone e o B L, Lo phere) has besn d to canse a climate forcing of

3 o it ] about 0.4 W/m?2. Some of this is linked to methanc increases

? { as discussed above, and attribution of the ozone forcing be-

tween chemical factors such as methane, carbon monoxide,

Thoh Hecbrn edim Low  Very | vy Vay Vo Ve | Vey Ve Ve
Low  Low Low low Low low Low low

Lovel of Sowentitc Undertianding

FIGURE 1| The global mean mdiative forciog of the climase systom for
the: year 2000, relative 10 1750, and the associated confidence lovels with
which they are known. (From IPCC, 2001; reprinted with permission of the
crgovernmental Panel on Climuate Change.)

CO, forcing in 50 years will be about 1 W/m2. If fossil fuel
use increases by 1-1.5% per year for SO years, the added CO,
forcing instead will be about 2 W/m?. These cstimates ac-
coupt for the non-linearity caused by partial satucation in
some greenhouse gas infrared absorption bands, yet they are
only approximate because of uncertainty about how offi-
ciently the ocean and terrestrial biosphers will sequester at-

pheric CO,. The also that during the
next 50 years humans will not, on a large scale, capture and
the CO, d during fossil-fuel b

QOther grecnhounse gases together cause a climate forcmg
approximately equal to that of CO,. Any increase in CH,
also indirectly causes further climate forcing by increasing
stratospheric H,O (about 7% of the CH, is oxidized in the
upper sumosphere), as well as by increasing tropospheric O,
through reactions involving OH and pitrogen oxides. The
total climate forcing by CH, is at least a third as Jarge as the
CO, forcing, and it could be half as large as the CO, forcing
when the indirect effects are included.

Methane is an example of a forcing whosc growth could
be slowed or even stopped entirely or reversed. The com-
mon scenarios for future climate change assume that meth-
ane will continue to increase. If instead its amount were
remain constant or decrease, the net climate forcing could be
significantly reduced. The growth rate of atmospheric meth-
ane has slowed by more than half in the past two decades for
reasons that are not well understood. With a betier under-
standing of the sources and sinks of methanc, it may be pos-
sible to encourage p {for ! duced leakage

during fossil-fuel mining and transport, capture of land-fill

and other factors is a challenging problem, One recent study.
based in part on limited observations of ozone in the late
1800s, suggested that human-made ozone forcing could be
as large as about 0.7-0.8 W/m?. Surface level ozone is a
major ingredient in air pollution with substantial impacts on
fuman health and agricultural productivity, The potential
hwman and gains from reduced ozoue pollution
and its importance as a climate forcing make it an aticactive
target for further study as well as possible actions that could
lead to reduced ozone ameounts or at least a balvin its further
growth,

Rerosals

Climate forcing by anthropogenic aerosols is a large
source of uncertainty about future climate change. On the
basis of estimates of past climate forcings, it seems likely
that aernsols, on a global average, have caused a negative
climate forcing (cooling) that has tended to offset much of
the positive forcing by greenhouse gases. Even though sero-
sol distributions tend to be in scale, the forced cli-
mate Tesponsc is expected 1o oceur on larger, even hemi-
spheric and global, scales. The moenitoring of aerosol
‘properties has not been adequate to yleld accurate knowl-
edge of the aerosol climate influence.

Estimates of the current forcing by sulfates fall mainly in
the range ~0.3 to ~1 Wim?, However, the smaller values do
not fully account for the fact that sulfate aerosols swell in
size substantially in regions of high humidity, Thas, the sul-
fate forcing probably falls in thc range 0.6 to ~1 Wi/m?.
Further growth of sulfate asrosols is likely to be limited by
concerns about their detrimental effects, especially acid rain,
and it is possible that control of sulfur emissions from com-
bustion will even cause the sulfate amount to decrease.

Black carbon (soot) acrosols absorb sunlight and, even
though this can cause a local cooling of the surface in re-
gions of heavy aerosol concerm'ahcn, it warms the atmo-
sphere and, for plausible atme I 500t i§ €X~
pected to cause a global surface warmmg IPCC reports have
provided a best estimate for the soot forcing of 0.1-0.2 W/
m?, but with large uncertainty. One recent study that accounts
for the larger shsorption that soot can cause when it is mixed
internally with other acrosols suggests that fts direct forcing
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15 at least 0.4 W/m?. It also has been suggestcd that the indi-
rect effects of black carbon—which include reducing low-
level cloud cover (by heating of the layer), making clouds
slightly “dirty” (dacker), and lowering of the albedo of snow
and sea ice—might double this forcing to 0.8 W/m? The
conclusion is that the black carbon aerosol forcing is uncer-
tain but may be substantial, Thus there is the possibility that
d hlack carbon emissions in the future could have a
cooling effect that would at least partially compensate for
the warming that might be causcd by a decrease in sulfates.

Other agrosols arc algo significant. Orgavic carbon acro-
sols are produced naturally by vegetation and anthro-
pogenically in the burning of fossil fuels and hiomass. Or«
ganic carbon acrosols thus accompany and tend to be
absorbed by soot acrosols, and they are believed to incrcase
the toxicity of the aerosol mixture. It is expected that efforts
to reduce enissions of black carbon would also reduce or-
ganic carbon emissions, Ammonium pitrate (not included in
Figure 1) recently has been estimated to cause a forcing of
-0.2 W2,

Mineral dust, along with sea salt, sulfates, and organic
scrosols, contributes a large fraction of the global aerosol
mass. It is likely that human land-use activities have infly-
cnced the amounnt of mineral dust in the air, but trends are
not weil measured. Except for iren-rich soil, most mineral
dust probably has a cooling effect, but this has not been de-
termined well

The greatest uncertainty about the aerosol climate forc-
ing—indeed, the largest of all the unccrtainties about global
climate forcings—is probably the indirect effect of acrosols
on clouds. A Is serve as cond nuclei for cloud
droplets, Thus, enthropogeni are believed 1o have
two major effects on cloud properties: the increased number
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Stratospheric aerosols produced by large volcanues that cject
gas and dust to altitudes of 12 miles or higher can cause a
climate forcing as large as several watts per square meter on
global average. However, the serusols fall out after a year or
two, 50 unless there is an unusual series of eruptions, they do
not contbute to long-term climate change,

Land-use changes, especially the removal or growth of
vegetation, can cause substantial regional climate forcing,
One effect that has been evaluated in global climate models
is the influence of deforestation. Because forests are dark
and tend to wnask underlying snow, the replacement of for-
ests by crops or grass yields a higher albedo surface and thus
a cooling effect. This effect has been estimated to yield a
global cooling tendency in the industrial ers equivalent to &
forcing of ~0.2 W/m?. Land use changes have been an im-
portant conteibutor to past changes of atmospheric carbon
dioxide. H , the imp of such changes on climate
may be much more significaot on regional scales than glo-
bally, and largely act through of the hydrologi
cycle. Such impacts arc currently poorly characterized
because they depend on complex modeling deails that are
still actively being improved.

Solar irradiance, the amount of solar cnergy striking
Earth, has been monitored accurately only since the late
1970s. However, indirect measures of solar activity suggest
that there has been a positive wend of solar jrradisnce over
the industrial e, providing a forcing estimated at about 0.3
W/m? Numerous possible indirect forcing! jated with
solar variability have been suggested. Howcver, only one of
these, ozone changes induced by solar ultraviolet irradiance
variations, has convincing observational support. Some stud-
ies have estimated this indirect effect to enhance the direct
solar forcing by 0.1 W/m?, but this value remains highly

in. Although the net solar forcing appcars small in

of nuclei results in a larger number of smaller cloud dropl
thus increasing the cloud brightness (thc Twomey cffect),
and the sialler droplets tends to inhibit rainfall, thus increas-
ing cloud lifetime and the average cloud cover on Earth. Both
effects reduce the amount of sunlight absorbed by Earth and
thus tend to cansc global cooling. The existence of these
effects has been verified in ficld studies, but it is extremely
difficult to d their global signil . Chimate mod-
els that incorporate the aerosol-cloud physics suggest that
these effects may produce a negative global forcing on the
order of 1 W/m? or larger, The great uncertainty about this
indirect aerosol climate forcing presents a severe handicap
both for the interpretation of past climate change and for
future of cli ‘

1

Other Forcings

Other potentially important climate forcings include vol-
canic aerosols, anthropogenic land use, and solax variability,

comparison with the sum of all greenhouse gases, it is per-
haps morc appropriate to compare the solar forcing with the
net anthropogenic forcing. Solar forcing is very uncentain,
but almost certainly much smaller than the groeohouse gas
forcing. It is pot & ible that solar irradi hasbeen &
significant driver of climate during part of the industrial era,
as suggested by several modeling studies. However, solar
forcing has been measured to be very small since 1980, and
greenhouse gas forcing has certainly been much largerin the
past two decades. In any case, future changes in solar irradi-
ance and greenhousc gases reguire careful monitoring to
cvaluare their futire balance. In the future, if greenhouse
gases continue to increase rapidly while aerosol forcing
moderates, solar forcing may be relatively less important.
Even in that case, however, the differcnce between an in-

ing and d ing ircadi could be significant and
affcct intezpretation of climate change, so itis important that
solar variations be accurately monitored.
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Climate System Models

Climate systern models are an important toof for inter-
preting observations and assessing hypothetical futures,
They are hy ical i bhased of the
h d ics, fluid mot and
radiative transfer of Earth climate that are as comprehensive
as ajlowed by computational feasibility and by scientific

d ding of their for Their purpase is to cal-
culate the evolving state of the giobal atmosphere, ocean,
land surface, and sea ice in response to external forcings of
both naniral causes {such as solar and voleanic) and human
causes (such as emissions and land uses). given geography
and initial material compositions. Such medels have been in
use for several decades. They are continually improved to
increase their comprehensiveness with respect to spatial

PREIFER)

and representation of important effects of processes that can-
not practically be calculated on the global scale (such as
clouds and twrbulent mixing), Formulating, constructing, and
using such models and analyzing, asscssing, and interpret-
ing their answexs make climate system models large and
expensive enterprises. For this reason, they are often associ-
ated, at least in part, with mational laboratoxies. The rapid
increase over recent decades in available comp
speed and power offers opportunities for more elaborate,
more realistic models, but requires regular upgrading of the
basic comp to avoid

Climate models calenlate outcomes after taking into ac-

jonal

cause climate is uncontroliable (albeit infl ble by hu-
mans}, the models are the only available experimental tabo-
ratory for climate. They also arc the appropriate high-end
tool for forecasting hypothetical climates in the years and
centuries abead, However, climate models are imperfect.
‘Their simulation skill is limited by uncettainties in their for-
mulation, the limited size of their calculations, and the difi-
colty of interpreting their answers that exhibit almost as
much complexity as in nature.

The current norm for a climate system model is to include
a full suite of physical representations for air, water, land,
and ice with a geographic resolution seale of typically about
250 km. Model solutions match the prixuary planetary-scale
circulation. seasonal variability. and temperature structures
with qualitative validity but still some remaining discrepas-
cies, They show forced resp of the global: tem-
peraturce that corresponds roughly with its measured history
over the past century, though this requires model adjust-
ments. They achieve a stable equilibfium over millennial
intervals with free exchanges of heat, water, and stress aeross
the land and water surfaces. They also exhibit plausible ana-
logues for the dominant modes of intrinsic variability, such
as the El Nifio/Southern Oscillation (ENSQ), although some.
important discrepancies still remain, At present, climate
system models specify solar luminosity, atmospheric com-
position, and other agents of radiative forcing. A frontier for
climate modcls is the incorporation of more complete bio-

count the great number of climate variables and the
interactions inherent in the climate systern. Their purpose is
the creation of a synthetic reality that can be compared with
the observed reality, subject to appropriate averaging of the
measurements. Thus, such models can be evaluated through
comparison with observations, provided that suitsble obser-
vations exist, Furthermoare, model solutions canbe diagnosed
to assess contributing causes of partcular phenomena, Be-
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hemical cycles (for ple, for carbon dioxide). The
greater the sophisticati lexity of an heri

and comp i
model, the greater the need for dctailed multiple measure-
ments, which test whether the model continues to mimic
observational reatity. Applications of chmate models to past
climate states encompass “suapshots” during particalar mil
lennia, but they do not yet provide for continuous evolution
over longer intervals (transitions between ice ages).
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Observed Climate Change During the Industrial Era

Is climate change occurring? If so, how?

Are the changes due to hurnan activities?

THE OCCURRENCE OF CLIMATE CHANGE

A diverse array of evidence points to a2 warming of global
surface air temperatures. Instrumental records from land sta-
tions and ships indicate that global mean surface air tem-
perature warmed by about 0.4-0.8°C (0.7-1.5°F) during the
20th century, The warming trend is spadally widespread and
is consistent with the global retreat of mountain glacicrs,
reduction in snow-cover extent, the eatlier spring melting of
ice on zivers and lakes, the accelerated rate of rise of sea
level during the 20th century relative to the past few thou-
sand years, and the increase in upper-air water vapor and
rainfall rates over most regions. A lengthening of the grow-
ing season also has been documented in many areas, along
with an earlier plant flowering season and earlier arrival and
hreeding of migratory birds. Some species of plants, insects,
birds, and fish have shifted towards higher latitades and
higher elevations, The ocean, which represents the largest
reservoir of heat in the climate system, has warmed by about
0.05°C (0.09°F) averaged over the layer extending from the
surface down to 10,000 feet, since the 1950s.

Pronounced changes have occurred over high latitudes of
the Northern Hemisphere. Analysis of recently declassified
data from 5. and Russian submarines indicates that seaice
in the central Arctic has thinned sincc the 1970s. Satellite
data also indicate 2 10-15% d in sea jce con-
centration over the Arctic as a whole, which is primarily due
to the retyeat of the ice over the Siberian sector. A decline of
about 10% in spring and sumumer continental snow cover
extent over the past few decades slso has been observed.
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Some of these high latitude changes are beljeved to be as
mauch or more a reflection of changes in wintertime wind
patterns as a direct consequence of global warming per se.
The rate of wanming has not been wniform over the 20th
century. Most of it occurred prior to 1940 and during the
past few decades, The Northera Hemisphete as a whole ex-
perienced a slight cooling from 1946-75, and the cooling
during that period was quite marked over the castem United
States, The cause of this hiatus in the warming is still under
debate. The histus is evident in averages over both Northern
and Southern Hemispheres, but it is more pronotinced in the
Northern Hemisphere. One possible cause of this feature is
the buildup of sulfate aerosols due to the widespread burning
of high sulfur coal during the middle of the century, fol~
lowed by a decline indicated by surface sulfate deposition

Itis also possible that at least part of the rapid
warming of the Northern Hemisphere during the first part of
the 20th century and the subsequent cooling were of natural
origin——a remote response 1o changes in the oceanic circula-
tion at subarctic latitudes in the Atlantic scetor, as evidenced
by the large local temperature trends over this region. Sug-
gestions that either variations in solar luminosity or the fre-
guency of major volcanic emissions could have contributed
1o the irregular ratc of warming during the 20th century can-
not be excluded.

The 1PCC report compares the waning of global mean
temperature during the 20th century with the amplitude of
climate variations over longer time intervals, making use of
recent analyses of tree ring from mauy differ-
et sites, data from the Greenland ice cores, and bore hole
temperature measurements, On the basis of these analyses,
they conclude that the 0.6°C (1.1°F) warming of the North~-
ern Hemisphere during the 20th century is likely to have
been the largest of any cenrury in the past thousand years.
This result is based on several analyses using a varicty of
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OBSERVED CLIMATE CHANGE DURING THE INDUSTRIAL ERA

proxy indicators, some with annual resolution and others
with less resalved time resolution. The dasa become rela-
tively sparse prior to 1600, and are subject to uncertainties
related to spatial compl and interp making the

results somewhat equivocal, e.g., less than 90% confidence.

Achievipg greatcr cortainty as to the magnitude of climate
variations before that ime will require more extensive data
and analysis.

Although warming at Earth’s surface has been quite pro-
nounced during the past few decades, satellite
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lated in climste models is suggestive of such alinkage, but it
does not constitute proof of one because the model simula-
tions could be deficient in patural varjability on the decadal
to century time scale. The warming that has been estimated
to bave accurred in response to the buildup of greenhouse
gases in the atmosphere is somewhat greater than the ob-
served warming. At least some of this excess warming has
been offset by the cooling effect of sulfate acrosols, and in
any case cne should nat necessarily expect an exact corre-
pondence because of the presence of natural variability.

beginning in 1979 indicate relatively little warming of air
temnperature io the woposphere. The commitiee concurs with
the findings of a recent Nationa! Research Council taport,!
which concluded that the observed diffexcnce between sur-
face and tropospheric temperature trends during the past 20
years is probably real, as well as its cautionary statemcat (o
the effect that temperature trends based on such short periods
of record, with arbitrary start and end points, are not neces-
sarily indicative of the long-term behavior of the climate
|

The cooling wend in the swratosphere, evident in radio~
sonde data since the 1960s and confirmed by satellite obser-
vations starting in 1979, is so pronounced a5 to be difficultto
explain on the basis of natural variability alone. This trend is
believed to be partially a result of stratospheric ozone deple-
tion and partially a result of the buildup of greenhouse gases,
which warm the atmospheve at low levels but cool it at high
levels. The circulation of the stratosphere has responded to
the radiatively induced temperature ch in such a way

system, The finding that surface and troposp ipera-
tare trends have been as different as observed over intervals
as Jong as a decade or two is difficult to recancile with our
current understanding of the processes that contro] the verti-
cal distribution of temnp in the h

¥

THE EFFECT OF HUMAN ACTIVITIES

Beeause of the large and still uncertain level of natural
variability inherent in the climate record and the uncertain-
tes in the time histories of the various forcing agents (and
particularly aerosols), a cansal linkage between the buildup
of greenhouse gases in the atmosphere and the observed cli-
mate changes during the 20th century cannot be unequivo-
cally established, The fact that the magnitude of the observed
warming is Targe in comparison to natutal variability as simu-

VReconciling Observarions of Global Tempevature Change, 2000.

a5 to the effects in high latit Jes of the winter
hemisphere, where cooling of up to 5°C (9°F) has been ob~
served.

There have been significant changes in the atmospheric
circulation during the past several decades: e.g., the trensi-
tion in climate over the Pacific sector around 1976 that was

il in some toats toward more “El
Nifio-like” conditions over much of the Pacific, and the more
gradual gthening of the wi westerlies over sub-
polar latitudes of both Northern and Southern Hemispheres.
Such features bear watching, lest they be early indications of
changes in the natural modes of atmospheric variability trig-
gered by human induced climate change. To place them in
context, however, it is worth keeping in mind that there were
svents of comparable significance earlier in the record, such
as the 1930s dust bowl.
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Future Climate Change

How much of the expecred climate change is the conse-
guence of climate feedback processes (e.g., water vapor,
clouds, snow packs)?

By how much will temperatures change over the next 100
years and where?

What will be the consequences (e.g., extreme weather,
health effects} of i of various i

Has science determined whether there is a “safe" level of
concentration of greenhouse goses?

ESTIMATING FUTURE CLIMATE CHANGE

Projecting future climate change first requires projecting
the fossil-fuel and land-use sources of CO, and other gases
and aerosols. How much of the carbon from future use of
fossit fuels will be seen as increases in carbon dioxide in the
atmosphere will depend on what fractions arc taken up by
land and the oceans. The exchanges with land occur on vari-
ous time scales, out to centuries for soil position in

increase. There are sufficient fossil fuels in the ground to
supply such a scenario for well over a century.

IPCC scenarios cover a broad range of assumptions about
future and technological devel includi
some that allow h £as How—
ever, there arc large uncertainties in underlying assumptions
about population growth, cconomic development, life style
choices, technological change, and energy alternatives, so
that it is useful to examine scenarios developed from mul-
tiple p in idering gies for dealmg with
climate change. For ple, one proposed growth
scenariol for the next 50 years notes that CO, emissions have
grown by about 1% annually in the past 20 years and as-
sumes a zero growth rate for CO, emissions until 2050 (that
is, constant emissions). The scenario also focuses on forcings
from non-CO, greenhouse gascs such as methane, and as-
sumes a zero growth rate for them (that is, atmospheric
amounts in 2050 similar to those in 2000). Plausible assump-
tions for rechnological progress and human factors were pro-
posed to achieve this trajectory for radiative forcing. This
scenario leads to a predicted temperatuse increase of 0.75°C
by 2050 ayproxxmately half of that resulting from more con-

high latitudes, and they are sensitive to climate change. Their
projection into the future is highly problematic.

Future cli change ds on the scenario
for future climate forcings, as welf as upon climate sensitiv
ity. The IPCC scenadios include 2 broad range of forcings.
One scenario often used for climate model studies employs
rapid growth rates such that annual greenbouse gas emis-
sions continue to accelerate. This is a uscful scenario, in part
b ityicldsa large “signal/noisc” in stodics
of the simulated climate response. More important, it pro-
vides a warning of the magnitudc of ckmate change ﬂmt may
be possible if annual greent gas 10
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ns. One rationale for focusing first on
2050 rather Lhan 2100 is that it is morc difficult to foresec
the technological capabilities that may allow reduction of
greenhouse gas emissions by 2100,

Scenarios for future greenhouse gas amounts, especially
for COQ, and CH,, are a major source of uncertainty for pro-
Jections of future climate. Successive IPCC assessments over
the past decadc cach have developed a new sct of scenarios

YHanses, 1., M. Sats, K. Rucdy, A. Lacis, and V. Qinas, Global warming
in the tweaty-first century: an ive scenario, P fings of the Na-
tional Academy of Sciences, 97T: 98759880, 2000.




FUTURE CLIMATE CHANGE

with little discussion of how well observed trends match with
previous scenarios. The period of record is now long enough
to make it useful to compare recent trends with the scenarios,
and such studies will become all the more fruitful as years
pass. The increase of global fossil fuel CO, emissions in the
past decade, averaging 0.6% per year, has fallen below the
IPCC scenarios. The growth of armospheric CH, has fallen
well below the IPCC scenarios. These slowdowns in growth
rates could be short-term fluctuations that may be reversed.
However, they emphasize the need to understand better the
factors that influence current and future growth rates.
Global warming will not be spatially uniform, and it is
expected to be accompanied by other climate changes, In
areas and seasons in which there are large temperature
changes, feedbacks may be much larger than their global
values. An example of such regionally large cffects is the
Ibedo f k. Reduced snow cover and sea and lake
ice will be important at high latitudes and higher elevations,
especially during winter and spring. In the presence of the
higher temporatures, atmospheric water vapor

73

19

land compared to oceans because of the ocean’s higher heat
capacity and because it can transfer more of the trapped heat
to the atmosphere by evaporation. Over land, the warming
has b d is dto 1o be—Jarger during
nighttime thap during daytime,

Conseguences of Increased Climate Change of Various
Magnitudas

The U.S. National Assessment of Climate Change Im-
pacts, augmented by a recent NRC report on climate and
health, provides a basis for summarizing the potential conse-
quences of climate change.” The National Assessment di-
rectly addresses the importance of ¢limate change of various
magnitudes by considexing climate scenarios from two well-
regarded models (the Hadley model of the United Kingdora
and the Canadian Climate Model). These two models have
very different globally-averaged i 2.7
and 4.4°C (4.9 and 7.9°F), rcspccuvcly) by the year 2100. A

and precipitation will also be higher. Determining the net
ice-atbedo feedback effect is dby its
to other aspects of the hydrologic and energy cycles. Clouds
may change to amplify or reduce its effect. Increased pre-
cipitation with warming at the margin of ice and snow may
act to either reduce or amplify this effect, e.g.. reducing the
effect by increasing snow levels where it is below freezing.
Changing vegetation cover likewise can introduce major
modification

An increase in the recycling rate of water in the hydro-
logic cycle is anticipared in response to higher global aver-
age Higher evap rates wilt
the drying of soils following rain events, thereby g in

e,

key o from the Nati is that UL.S.
society is likely to be able to adapt to most of the c].unate
change impacts on human sy , but these ad

may come with substantial cost. The primary conclusions
from these reports arc summarized for agriculture and for-
estry, water, human health, and coastal regions.

In the near term, agriculture and forestry arc likely to ben-
efit from CO, fertilization effects and the increased water
cfficiency of many plants at higher atmospheric CO, con-
centrations. Many crop distributions will changs, thus re-
quiring significant regional adaptations. Given their resource
base, the Assessment concludes that such changes will be
costlier for small farmers than for large corporate farms.

T

drier average conditions in some regions, especially during
periads of dry weather during the warm scason. The drier

ver, the bi of the geographic and climatic
breadth of the United States, possibly angmented by ad-
vances in genetics, increases the nation’s robustness to cli-

T

soils, with less water available for evapot will  mate change. These conclusions depend on the climate sce-
Warm more gly during sualight hours Iting in higher nario, with hotter and drier conditions increasing the
afternoon faster evag and an i ial for declines in both agri

in the diurnal temperature range. The effect is likely to be
greatest in semi-arid regions, such as the U.S. Great Plains.
The faster recycling of water will Icad to higher ramfa\l rates
and an increasc in the frequency of heavy preci

P and forestry. In ad-
dition, the rcsponse of insects and plant discases to warming
is poorly understood. On the regional scale and in the longer
term, there is much more uncertainty.

events.

‘There is a possibility that giobal warming could change
the behavior of one or more of the atmosphere’s natural
mades of variability such as ENSO or the so-cafled North
Atlantic or Arctic Oscillation. Such changes could lead to
complcx changes in the prasem-dzy patterns of temperature

and. itation, includi inthe fi of win-
teror tmplcal storms. ngher p:eapxtahon rates would favor

d intensity of tropical cyclones, which derive their
engrgy from the heat that is rcleased when water vapor con-
denses,

T

dtoi

p arc cxp more rapidly over

y toward 4 ht, as p d by some
models, is an important concern in every reglon of the United
States even though it is unlikely to be realized everywhere in
the pation. Decreased snow pack and/or earlier scason melt-
ing are expected In response to warming because the freeze
fine will be moving to higher elevations. The western part of

2Excepe where soted, this section is based en information provided in the
U.S. National Assesswent. U.S. Global Change Resesrch Program, “Cli-
mute Chanpe mpacts on the United States: The Porential Consequences of
Climare. Variability and Change”, 2001, Cambridge University Press, 612
PP
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the nation Is highly dependent on the amount of snow pack
and the timing of the runoff. The noted increased rainfalt
rates have implications for pollution run-off, flood control,
and changes to plant and animal habitat. Any signiGcant cli-
mate change is likely to resultin i d costs b the

74

CLIMATE CHANGE SCIENCE

very limited. Significant c].\mate c}umgc will cause disrup-

tions to many U.S. Y 3 lands, forests,

grasslands, rivers, and lakes. Ecosystems have inherent

value, and also supply the country with 2 wide variety of
Y services.

nation’s investment in water supply infrastructure is largely
tuned to the current climate.

Health outcomes in response to climate change are the
subject of intense debatc. Climate change has the potential
to influence the frequency and tragsmission of infectious dis-
ease, alter heat- and cold-related mortality and morbidity,
and influence air and water quatity, Climate change is just
one of the factors that influence the frequency and Tansmis-
siop of infections disease, and heuce the assessments view
such changes as highly uncertain? This said, changes i inthe

agents that port infectious di (e.2., el
ticks, rodents) are likely to occur with any significant change
in precipitation and temy I in mean femp

tures are cxpected 1o result in new record high temperatures
and warm nights and an increase in the number of warm
days compared to the present. Cold-related stress is likely to
decline whereas heat stress in major urban areas is projected
to increase if no adaptation occurs. The National Asscss-

The ipacts of these climate changes will be significant,
but their nature and intensity will depend strongly on the
region and timing of occumence. At a national level, the di-
rect economic impacts are likely to be modest. However, on
a rcgional basis the level and extent of both bencficial and
harmfu] impacts will grow. Some economic sectors may be
transformed substantially and there may be significant re-
gional transjtions associated with shifts in agriculture and
forestry. Increasingly, climate change impacts will have 1o
be placed in the context of other stresscs associated with
land usc and a wide variety of pollutants. The possibility of
abrupt or unexpected changes could pose greater challenges
for adaptation.

Even the mid-range scenarios considered in the IPCC re-

- sult in temperatures that contiue to increase well beyond

the end of this century, suggesting that asscssments thar ex-
amine only the next 100 ycars may well undcrestimate the
d of the 13 For example s sustained

ment ties increases in adverse air quality to higher temp
tures and other air mass charactexistics. However, much of
the United States appears to be protected against many dif-
fercnt adverse health outcomes related to climate change by
astrong public health system, relatively high levels of public
and 2 high dard of living. Children, the eld-
exly, znd the poor are considered to be the most vidnersble to
heaith The und ding of the relation-
ships between weather/climate and buman health is in its

infancy and therefore the health g of climate
change are poorly und d. The costs, benefits, and avail-
ability of for ad arc also i

Fifty-three percent of thc 1.8, population lives th!un the
constal regions, along with billions of dellars in associated
infrastructure. Becanse of this, coastal areas are more vul-
nerable to increases in severe weather and sea level rise.
Changes in storm frequency and intensity are one of the more
uncertain elements of fumre climate change predlcbon
However, sea level rse i the p ial to
coastal regions even under conditions of current storm inten-
sitics and can endanger coastal ccosystems if human sys-
tems or other barders limit the opportunities for migration,

In to human the U.S. National Assess-
ment makes a strong case that ecosystems are the most vul-
nerable to the projected rate and magnitude of climate
change, in part because the available adaptation options arc

SUnder the Weasher: Climate, Ecosystems, and Infectious Disease, KX1.

and progressive drying of the land surface, if it occurred,
would eventuaily lead to desertification of regions that are
now marginally arable, and any substantial melting or break-
ing up of the Greenland and Antarctic ice caps could cause
widespread coastal inundation,®

“Safe” Lavel of Concentration of Greenhouse Gases

The p jal for climate- d i
ra:ses the question of whether there exists a “safe” lcvcl of
gas ion, The word “safe” is ambigu-~
ous because it depends on both viewpoint and value judg-
ment. This view changes dramatically if you are part of an
Eskimo community dependent on sea ice for hunting, or an
inhabitant of & coastal city, or a farm community. It depends
on whether an industry is robust or sensitive fo climate
change. The viewpoint changes distinctly between countries
with sufficient resources for adaptation and poorer nations.
Value judgments become particularly jmportast when as-
sessing the potential impacts on npatural ecosystems, The
question can be approached from two perspectives. The first
issue is whether there is a threshold in the ion of
greenhousc gases that, if exceeded, would cause dramatic or
catastrophic changes to the Barth system, The second issve

= 1

ap I 4 take ol

& tcgional within &
decadeor two, Many centuries would be requined for substantisl meling of
the icx: sheets to ocour and the likelikood of a breakup during this ceptury is
considered fo be remote,
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is whether the consequences of greenhousc warming, as a
function of the concentration of greenhouse gases, are suffi-
ciently well known that the scientific community can define
“an acceptable concentration” based on an analysis of poten-
tial risks and damages. The first issue is best addressed by
examining Earth’s history. Guidance for the second issue
can be derived from assessments of the impacts of climate
change.

A variety of rueasurements demonstrate that CO, has var-
ied substantially during Earth’s history, reaching levels
between three and nine times pre-industrial levels of carbon
dioxide prior to SO million years ago. During the periods of
hypothesized high carbon dioxide concentrations, there are
strong indicators of warmth (although many different fac-
tors have contributed to climate change during Earth's his-
tory). These indicators include warm deep-sea temperatures
and abundant life within the Arctic Circle. There are also
some records of abrupt warming (thousands of years) in
Earth's history that may be related to atmospheric green-
house concentrations, which caused significant perturbations
to the Earth system. The global temperature increases deter-
mined for some of these warm periods exceed future projec~
tions from a! climae models for the next century. These

hanges are d with some and both the
periods of warmth and abrupt transitions are associated with
the large-scale redistribution of species. However, a sub-
stantial biosphere is evident (i.e., no catastrophic impact
tending toward whalesale extinctions) cven with substan-
tially higher CO, concentrations than those postulated to
occur in response to human activities.

The course of future climate change will depend on the
nature of the climate forcing (e.g., the rute and magnitude of
changes in greenhouse gases, aerosols) and the sensitivity of
the climate system. Therefore, determination of an accept-
able ation of g gases d ds on the
ability to determine the sensitivity of the climate system as
well as knowledge of the full range of the other forcing fac-
tors, and an assessment of the risks and vulnerabilities. Cli-
mate models reflect a range of climate sensitivities even with
the same io. For ple, the g
of climate change would be quite different for a globaily-
averaged warming of 1.1°C (2.0°F) or a 3.1°C (5.6°F) pro-
jected for the IPCC sccnario in which CO, increases by 1%
per year leading to a doubling from current levels in the next
70 years.
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Both climate change and its consequences also are likely
to have a strong regional character. The largest changes oc-
cur consistently in the regions of the middle to high lati-
tudes. Whercas all models project global warming and glo-
bal increases in precipitation, the sign of the precipitation
projections varies among models for some regions.

The range of model sensitivities and the challenge of pro-
jecting the sign of the precipitation changes for some regions
tepresent a substantial limitation in assessing climate im-~
pacts. Therefore, both the IPCC and the U.S. National As-
sessment of Climate Change Impacts assess potential cli-
mate impacts using approaches that are “scenardo-driven”
In other words, models with a range of climate sensitivities
are used 1o asscss the potential impacts on water, agriculture,
human health, forestry, and the coastal zones, nationally and
region by region, The differences among climate model pro-
Jjections are sufficiently large o limit the ability to define an
“acceptable concentration” of atmospheric greenhouse
gascs. In additi hnological breakthroughs that could
improve the capabilities to adapt are not known. Instead, the
asscssments provide a broader level of guidance:

« The natre of the potential impacts of climate change
increases as a function of the sensitivity of the climate rodel.
If globally-averaged temperature increases approach 3°C
{5.4°F} in response to doubling of carbon dioxide, they are
likely to have fal § on husman endeavers and
on natural ecosystems.

* Given the fact that middle and high latitude regions
appear to be more sensitive to climate change than other
regions, significant impacts in thesc regions are likely 1o
occur at lower levels of global warming.

+ There could be significant regional impacis over the
full range of IPCC model-based projections.

» Natural ecosystems are less abic to adapt to change than
are human systems.

In summary, critical factors in defining = “safe” concen-
tration depend on the nature and level of societal valnerabil-
ity, the degree of risk aversion, ability and/or costs of adap-
tation and/or mitigation, and the valuation of ecosystems, as
well as on the sensitivity of the Earth system to climate
change.
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Assessing Progress in Climate Science

What are the sub
Reports and the Summaries?

diff b the IPCC

Whar are the specific areas of science that need to be
studied further, in order of priority, to advance our under-
standing of climate change?

The commitiee was asked to address these two questions.
The first invelved evaluating the IPCC Working Group {
report and sumiparies in order to identify how the summa-
ries differ from the report. The second question involved

hi izing areas of inty in seicatific knowledge
concerning climate change, and identifying the research ar-
eas that will advance the understanding of clitoate change.

INTERGOVERNMENTAL PANEL ON CLIMATE
CHANGE

The full text of the IPCC Third Assessment Report on
The Sci Basis xet a vab effort by U.S. and
international scientists in identifying and assessing much of
the extensive rescarch going on in climate science. The body
of the WGI report is scientifically credible and is not unlike
what would be produced by a comparable group of only U.S.
scientists working with a similar set of emission scenarios,
with perhaps some normal differences in scientific tone and
emphasis.

However, because the IPCC reports are generally invoked
as the authoritative basis for policy discussions on climate
change, we should critically cvaluate this effort so that we
can offer suggestions for improvement. The goal is a stron-
ger IPCC that will lead to better definitions of the nature of
remaining probl & clarity in expressing both robust con.
clusions and uncertainties, and thus aid achievement of the
best possible policy decisions. We must also consider op-
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tions for an improved process, given the cnormous and grow-
ing investment required by individual scientists to produce
this ‘Three imp issues di d to this goal
are described below.

The IPCC Summary for Policy Makers

The IPCC WGI Swmmary for Policymakers (SPM) serves
an obviously diffcrent purposc than the scientific working
group reports. When one is condensing 1,000 pages into
20 pages with a different purpase in mind, we would expect
the text to contain some modifications. After analysis, the
committee finds that the conclusions presented in the SPM
and the Technical Summary (IS) are consistent with the main
body of the report. There are, however, differcnices, The pri-
mary differences reflect the manner in which uncertainties
are communicated in the SPM. The SPM frequently uses
terms (e.g., likely, very likely, unlikely) that convey Jevels
of uncertainty; however, the text less frequently includes
either their basis or caveats. This difference is perhaps under-
standable in terms of & process in which the SPM attempts to
underline the major areas of concern associated with a
human-induced climate change. However, a thorough under-
standing of the uncertainties is essential to the development
of good policy decisions.

Climate projections will always be far from perfect. Con-
fidence limiis and probabilistic information, with their basis,
should always be considered as an integral part of the infor-
mation that climate scientists provide to policy and decision
makers. Without them, the IPCC SPM could give an impres-
sion that the science of global warming is “settled,” even
though many uncertainties still remain, The emission sce-
nurios used by the IPCC provide a good cxampie. Human
decisions will almost certainly alter emissions over the next
century, Because we cannot predict either the course of
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human pop gy, OF with
any clariry, the actual greenhouse gas emissions conld be
either greater or less than the IPCC scenarios, Without an
understanding of the sources and degree of uncertainty,
decision makers could fail to define the best ways to deal
with the scrious issue of global warming.

Modification of the Scientific Text After Compistion of the

The SPM results from a dxscussxon between the lead au-
thors and go (including also some
non-govmuncntxl orgamzanous and mdusvxy representa-
tives). This d i bined with the reg for
cansistency, results in some modifications of the text, all of
which were carefully documented by the TPCC. This process
has resulted in some concern that the scientific basis for the
SPM might be sltered. To assess this potential problem, the
committee solicited written responses from U.S. coordinat-
ing lead authors and lead authors of IPCC chapters, reviewed
the WGI draft report and sumwaries, and interviewed Dr.
Daniel Albritton who served as a coordinating lead author
for the IPCC WGI Technical Surmmary. Based on this analy~
sis, the committee finds that no changes were made without
the consent of the convening lead authors and that most
changes that did occur lacked significant impact, E /
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entists and gov . Gi 1
resentatives are more hkely 10 be tied 1o specific government
postures with regard to tzcanes, crmssxon contrals, and other
pohcy I£ ific participati mthcfumrc
less rep ive and g

tives are tied to specific postures, then there is a risk that
future IPCC cfforts will not be viewed as independent pro-
cesses.

The United States should promote actions that improve
the IPCC process while also ensuring that its strengths are
maintained, The most valuable contribution .8, scientists
can make js to y q basic ? and
conclusions, promote clear and carcful appraisal and prescn-
tation of the uncermainties about climate change as well as
thosce areas in which science is leading to robust conciusions,
and work toward 2 significant improvement in the ability to
project the future, In the process, we will better define the
nature of the problems and cnsure that the best possible in-
formation is available for policy makers.

rep-

RESEARCGH PRIORITIES

The underlying scientific issues that have been discossed
in this report and the research priotities that they define have
evolved over time. For this reason, many have been identi-

fied pr ly in NRC reports.!

some scientists may find fault with some of the technical
details, especially if they appesr to underestimate uncer-
tainty. The SPM is accompanied by the mote representative
Technical Summary (TS). The SPM contains cross-refer-
ences to the full text, which ly is not ib)

Predi of global clir change will require major
advances in underslandmg and modelmo of (1) the factors
that determinc pk h

gases and aerosols and (2) the so called "faedhacks" that

unti] 2 later date, but it docs not cross-reference the accom-
panying TS,

The IPCE as Representative of the Seience Community

The IPCC process demands a significant ime commit-
ment by members of the scientific community. As a result,
many climate scientists in the United States and elsewhere
choose not to participate at the level of a lead author even
after being invited. Some take on less lime-consuming roles
a8 contributing authors or reviewers. Others choose not to
participate, This may present a potential problem for the fu-
ture. As the to the process contin-
ues to grow, this could create a form of self-selection for the
participants. In such a case, the community of world climate
seientists may develop cadres with particularly strong fesl-
ings about the outcome: some ay favorable to the IPCC and
its procedures and others ncgative about the use of the IPCC
as apolicy instrument. Alternative procedures are nceded to
ensure that participation in the work of the IPCC does not
come at the expense of an Individual’s scientific carcer.

In addition, the preparation of the SPM involves both sci-

d ine the sensitivity of the climate system to a pre-
scribed mcxease in g:eenhouse gases, Specifically, this will
involve g ding: (a) future usage of
fossil fuels, (b) future emissions of methane, {¢) the fraction
of the future fossil fuel carbon that will remain in the aimo-
sphere and provide radiative forcing versus cxchange with
the oceans or net exchange with the land biosphere, {d) the
feedbacks in the climate system that determine both the mag-
nitude of the change and the rate of energy uptake by the
oceans, which together determine the magnitude and dme
histary of the temperature increases for 2 given radiative
forcing, (e) the details of the regional and local climate
change consequent to an overall level of global climate
change, (f) the nature and causes of the natural variability of
climate and its intevactions with forced changes, and (g) the
direct and indirect effects of the changing distributions of
acrosol. Because the total change in radiative forcing from

iDecade-to-Cantury-Scale Climate Variability and Change: A Science
Strategy, 1998; The Apnospharic Sciances Entering the Twenty-First Cen-
tury, 1998; Adeguacy of Climate Obscrving Systems, 1999; Global Envi-
rommental Change: Research Pashways for the Nexi Decade, 1999; Tm
proving the Effectiveness of U.S. Climate Modeling, 2001; The Science of
Regional and Global Change: Futting Knowledge to Work, 2001,
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other greenhouse gases over the last century has been nearly
as large as that of carbon dioxide, their future evolution also
must be addresscd. At the heart of this is basic h

CLIMATE CHANGE SCIENCE

Climate observations and modeling are becoming increas-
ingly iroportant for a wide segment of society including

‘which allows for creative discoveries about those clements
of the climate system that have not yet been identified, or
studied.

Knowledge of the cl system and p about
the future climate are derived from fundamental physics and
chemistry through models and observations of the atmo-
sphere and the climate system. Climate models are built us-
ing the best scientific knowledge of the processes that oper-
atc within the climate system, which in turn are based on
obscrvations of these systems. A major limitation of these
model forecasts for use around the world is the pancity of
data available to evaluare the ability of coupled models to
simulate important aspects of past climate. In addition, the
observing system available today is a composite of observa-
tions that neither provide the infortgation nor the continuity
in the data needed to support measurements of climate vari-
ables. Therefore, above all, it is essential to ensure the exist-
ence of a long-term observing system that providss 2 more
definitive observational foundation to evalnate decadal- to
century-scale variability and change, This observing system
must inclade observations of key state variables such as teme

precipitation, humidity, pressure, clouds, sea ice

and show cover, sea level, sca~surface temperature, carbon

ﬂuxc; and soil moi; Addi dly, more compreh ve

i of g gases would provide

crmcal information sbout theu' local and regional source
strengths.

water public health ofﬁcxals, agribusi-
pesses, caergy providers, forest com-
panies, and city planners, 1o order to address the conse-
quences of climate change and better serve the nation’s
decision makers, the research enterprise dcalmg thh envie
ronmental change and envi ociety i must
be enhanced. This inciudes support of (a) interdisciplinary

b that conples physical, chemical, biological, and
human systems, (b) improved capability of integrate scicn-
tific knowledge, including its uncertainty, into effective
decision support systems, and (c} an ability to conduct
research at the regional or sectoral level that promotes analy-
sis of the response of human and natural systems to multiple
stresses.

Climate research is presenty overseen by the U.S. Global
Changc Research Program (USGCRP). A number of NRC
repors® have luded that this collection of is
hampered organizationally in its ability to address the major
climate problems. The ability of the United States to assess
futore climate change is severely limited by the lack of a
climate observing system, by inadequate computational re-
sonrces, and by the general inability of government to focus
resources on climate problems. Efforts are needed to ensure
that 11.S. cfforts in climate research are supported and man-
aged to ensure innovation, effectiveness, and efficiency.
These issues have been addressed by NRC reports, but more
examnation is needed.

AGiobat Environmental Charge: Research Pathways for the Nt De-
cade, 1999; Improving the Effectivenesy of U.S. Climate Modeling, 2001:
The Science of Reglonal and Global Change: Purting Knowledge to Work,
2001
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A

Letter from the White House

THE WHITE HOUSKE
WASHINGOTON

May 11, 2001

Dy, Bruce Alberts

National Academy of Sciences
2101 Constitution Avenue, NW
Washington, D.C. 20418

Deer Dr. Alberts:

The Administration is condocting a review of U.S. policy on climate change.
We seek the Academy’s assistance in jdentifying the areas in the science of climate
change where there are the greatost certainties and uncertainties.

We would also like your views on whether there are any substantive
differences between the IPCC Reports and the IPCC sumrmaries.

We would appreciate a response es soon 88 possible:

Sincerely yours,

2 Tohn M. Bridge;aaf; Q%TZ
Deputy Agsigtant 1o the President Deputy Assistant to-the
for Domestic Policy and President for International

Director, Domestic Policy Council Beonomic Affuirs

27
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M Institute of Technology.
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American Geophysical Union, Dr, Hansen received his
Ph.D. from the University of Towa.
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Meteorology in the Department of Earth, Atmospheric and
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Report. Dr. Lindzen reccived his Ph.D. from Harvard Uni-
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Sci in the Dx of A ic Sci and
the Instingte for Geophysics and Planetary Physics at the
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RESPONSES OF SHERWOOD ROWLAND TO ADDITIONAL QUESTIONS FROM
SENATOR JEFFORDS

Question 1. The Academy’s 2001 report, which you helped write, was stunningly
clear. It confirmed the seriousness of human-induced climate change. And, it con-
tains a real sense of urgency about the problem. Beyond the comments you made
at the hearing, are there other things that the U.S. Government should do to reduce
the risks that the report outlines and to clear up related scientific uncertainties?

Response. I believe that it is important to begin carrying out diverse policies
which will have an ameliorating effect on climate change. For too many years, the
world has operated with little regard to the long term effects of increasing popu-
lation, increasing energy use per capita, and rather indiscriminate discharge of
waste materials into the environment. The global system is so immense and so com-
plicated that a very large set of policy changes are needed. What we need is the
establishment of a mind-set that recognizes these problems, and begins to take steps
toward solutions. Once the general direction begins to change, more and more op-
portunities will appear which can accelerate the progress.

Question 2. The Academy’s report says that “national policy decisions made now

. will influence the extent of any damage suffered by vulnerable human popu-

lations and ecosystems later in this century.” The Administration’s new policy deci-

sion appears to be business as usual. How will this policy affect the future, in terms
of greenhouse gas concentrations?

Response. The history of the past two centuries is a period in which most of the
advances in standard of living have been accompanied by the progressive substi-
tution of animal power for human power and then machine power for animal power.
These changes have been accompanied, of course, by the increasing use of energy
to supply the machine power—first steam from wood burning, then coal, oil and nat-
ural gas combustion as power sources. We urgently need to develop policies by
which the major industrial powers can maintain sustainable prosperity, while the
developing countries seek sustainable development. These changes will surely need
to be accompanied by more careful disposal of the waste products from energy pro-
duction.

Question 3. As you and all the other witnesses indicated, it is not safe to continue
increasing greenhouse gas emissions without limit. What needs to be done to assure
that we can avert the point of no return or “dangerous levels” of “greenhouse gas
concentrations?

Response. We are unlikely to know enough because of the extreme complexity of
the global system and its interconnections to permit identification of “points of no
return” or to know a precise value of a “dangerous level” until we have passed the
first, or exceeded the latter. Under the circumstances, this argues for doing what
we can to slow the rate of change in the hope that we can recognize the dangers
before we have passed the choke point.

Question 4. The NAS report advocates, “Maintaining a vigorous, ongoing program
of basic research, funded and managed independently of the climate assessment ac-
tivity, will be crucial for narrowing . . . uncertainties . . . In addition, the research
enterprise dealing with environmental change and the interactions of human society
with the environment must be enhanced.” ‘What are your views of current Federal-
level research programs’ direction and budgets for achieving these ends?

Response. The need for separation of research versus assessment is the difference
between exploring and judging. Assessment involves judging the adequacy of the
present understanding of the system by, for example, its ability to reproduce the ob-
servations in that system. Exploring will often mean the postulation of a different
possible explanation, devising an appropriate test, and then discarding the expla-
nation if it fails the test—but carrying out a continuing series of postulates and
tests.

Question 5. To date, much of the research regarding the environmental, human
health, or economic impacts of climate change has been limited to projections for
the next 100-150 years, or assuming a doubling of atmospheric CO,. What are the
risks of climate change on a longer timeframe, or those associated with a tripling
or quadrupling of atmospheric CO,? Does the NAS plan to update its 2001 report?

Response. Answering the second question first, the main purpose of the NAS re-
port of 2001 was evaluation of the state of understanding of the Earth’s climate sys-
tem, for which the IPCC 2001 report, and particularly in its Volume 1 on the “Sci-
entific Base”, was the latest and most complete compilation. This NAS report was
prepared in about 5 weeks by a group of 11 scientists quite familiar with the con-
tent and preparation of the IPCC report, while the IPCC report itself was the prod-
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uct of 5 years of work by about 3,000 scientists. Until the next IPCC report is ready
in 2006 or 2007, another NAS report is quite unlikely. Reports on specific, limited
aspects can certainly be anticipated, as that need rises.

The further out in the future the projection, the greater the uncertainty. Probably
the ultimate worry is captured by the phrase “runaway greenhouse”, as applied to
our sister planet Venus, which has an atmospheric much thicker than ours, com-
posed mostly of carbon dioxide, and surface temperatures which will not permit bio-
logical life, at least in the forms existing on Earth. Of course, no one knows the his-
tory of the Venusian atmosphere, so that the phrase might be totally misleading.

Question 6. What do you think is the greatest risk, in the next 30-50 years, of
continuing to increase human-made greenhouse gas emissions? And, what is the
most feasible way to reduce or eliminate that risk?

Response. My experience with the atmospheric problem of “stratospheric ozone de-
pletion” makes me answer this question with the reply “some problem that has not
yet been identified, some surprise.” In 1984, the scientific community was quite
aware that chlorofluorocarbons (CFCs) were reaching the stratosphere and decom-
posing there with the release of chlorine atoms, which could then react with the
molecules of ozone in the stratosphere. What only a few scientists knew then was
that were particles, polar stratospheric clouds, present in the very cold stratosphere
over Antarctica. What only a few other scientists knew then—mnone of them in the
first group, who likewise were ignorant of this other development—was that some
chemical reactions between two types of chlorine containing molecules, hydrogen
chloride and chlorine nitrate, could occur on the surfaces of particles, thereby facili-
tating the removal of ozone. Then, the “Antarctic ozone hole” was discovered, and
reported in 1985 by the British scientist Joe Farman, and suddenly the 1984 view
that ozone loss would occur slowly over a period of several decades was replaced by
the knowledge that ozone loss could occur extremely rapidly, and that major losses
were already happening every spring in the Antarctic.

What would be the surprise? Probably the unexpected collapse of some ecosystem.
I won’t provide an example of an unexpected collapse, because then it would prob-
ably be said that I, or scientists in general, expected it. The basic point is that the
climate system is still very much under study, and when and how it goes about
changing an area under active investigation.

RESPONSES OF SHERWOOD ROWLAND TO ADDITIONAL QUESTIONS FROM
SENATOR SMITH

Question 1. Dr. Pielke testified that “the primary cause for . . . growth in impact
is the increasing vulnerability of human and environmental systems to climate vari-
ability and change, not changes in climate, per se.” Do you agree with this claim?
Why or why not?

Response. The first 75 years of the 20th century were a time of great population
growth, and relatively little change in climate. During the last 25 years, the global
temperature has risen steadily, and signs of climate change are beginning to be seen
in many locations. Over the whole century then, climate change should not be ex-
pected to have caused a great change in impacts. The questions for the future in-
clude a mixture of the consequences from increasing global population coupled with
the extra impositions from temperature rise. The larger the temperature increase
the larger the role this climatic fluctuation will play in impacts on civilization.

Question 2. Dr. Pielke also stated that “the present research agenda is focused
. . improperly on prediction of the distant climate future” and that “instead of ar-

guing about global warming, yes or no . . . we might be better served by addressing
things like the present drought. . . .” Do you agree with that proposition? Why or
why not?

Response. The arguments in most of the scientific world are not about global
warming, yes or no, but rather about the nuances of the global warming which is
occurring. There are always the simultaneous needs for putting out the present fire,
and also developing a long term strategy to use non-combustible materials and in-
stall sprinkler systems.

Question 3. Do you believe we should fully implement the Kyoto Protocol? Do you
agree with the assertion that full implementation of the Kyoto Protocol would only
ave;‘t the expected temperature change by 6/100 of a degree, Celsius? Why or why
not?

Response. I wrote in the summer of 2000 the following (see “U.S. Policy and the
Global Environment”, Donald Kennedy and John Riggs, editors) “None of the cur-
rently available remedial responses, such as the Kyoto Protocol, provide a solution
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to the problems brought about by climate change. Rather they are directed toward
slowing the pace of change, amelioration, and adaptation rather than cure. Con-
sequently, the climate change problem will be much more serious by the year 2050
and even more so by 2100.”

The development of an adequate response to the climate change problem will
surely require many different approaches, strengthening and altering possible con-
trol efforts over time. The Kyoto Protocol is one possible initial step, and the only
one that is seriously on the table at the present time. It has some built-in weak-
nesses, such as the basic rule built into the future negotiations during the 1992 Rio
de Janeiro conference that excluded India and China and other developing countries
from any control efforts in Kyoto. By now, too, the choice of 1990 as the base com-
parison year might well be replaced by some year nearer to the present. However,
the most important need is a signal to the world that global warming is a problem
about which many different groups should be thinking and acting in efforts to slow
it down-and if Kyoto is not the signal, then another process should be proposed that
would also provide a start toward the control of emissions of greenhouse gases.

Question 4. Since the hearing there has been much press attention paid to the
breakup of the Antarctic Ice Sheet, especially a 500-billion ton iceberg known as
“Larsen B,” that has been attributed to climate change. What scientific evidence is
there that climate change is the sole cause of this phenomenon? Is there any sci-
entific evidence that anthropogenic influences bore any role in the breakup of
Larsen B?

Response. The temperatures in Antarctica seem to be simultaneously warming on
the low altitude fringes and cooling in the central ice plateau. The breakup of the
Ice Sheet occurs at sea level, and the warming there may facilitate the breakup.
There are also quite plausible scientific suggestions that link central-cooling/periph-
eral-warming observations to the lesser amounts of ozone now found in the Ant-
arctic stratosphere, and the consequent lesser conversion of ultraviolet light to heat
in the absence of ozone in the central core of the polar vortex. But sole cause? Al-
most all geoscientific events occur under circumstances in which there are a mixture
of causes, although sometimes these second and third contributing causes are minor.

Question 5a. Included in the hearing record as part of my opening statement was
a Swiss Re report titled, “Climate research does not remove the uncertainty; Coping
with the risks of climate change”. Please explain why you agree or disagree with
the following assertions or conclusions from that report: “There is not one problem
but two: natural climate variability and the influence of human activity on the cli-
mate system.”

Response. Certainly. Any changes induced by man’s activities are superimposed
on a system which has its own inherent variability to begin with.

Question 5b. It is essential that new or at least wider-ranging concepts of protec-
tion are developed. These must take into account the fact that maximum strength
and frequency of extreme weather conditions at a given location cannot be predicted.

Response. I am not in the insurance business. If there are really no parametric
limits to the maximum strength and frequency of extreme weather conditions at a
given location, then it is hard for an outsider to see how the company would set
their insurance rates. I would think the largest problem an insurance company en-
counters in considering climate change is that the statistically observed probability
of disasters over the previous 100 or 200 years may no longer be applicable to the
new, warmer climate.

Question 5c. Swiss Re considers it very dangerous (1) to put the case for a collapse
of the climate system, as this will stir up fears which-if they are not confirmed will
in time turn to carefree relief; and (2) to play down the climate problem for reasons
of short-term expediency, since the demand for sustainable development requires
that today’s generations take responsible measure to counter a threat of this kind.

Response. These are straw-man arguments-"collapse of the climate system” versus
“short-term expediency”

Question 6. Do you believe that our vulnerability to extreme weather conditions
is increasing? Why or why not?

Response. I can’t give a why/why-not answer to this question. Vulnerability is a
function of the strength of the precautions taken. When processes for strengthening
are developed, people allow this improvement to push into areas that were formerly
thought to be vulnerable.
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RESPONSES OF SHERWOOD ROWLAND TO ADDITIONAL QUESTIONS FROM
SENATOR VOINOVICH

Question la. Advocates of the Kyoto Protocol expect aggressive reductions in emis-
sions beyond 2012. Some advocate a global CO, concentration target of 550 ppm
CO2 by 2100 which will require substantial reductions in the emissions of developed
countries (including the United States). If a concentration target of 550 ppm by 2100
is adopted, what is your estimate of the caps on emissions for the United States
by 2050? By 2100?

Response. I have not devoted any scientific time to emission estimates for 100
years from now. The largest present question for me is the future demand for nu-
clear power. I can imagine either limit might turn out to be the world situation 50
years from now—either that nuclear power will be essentially banned worldwide by
2050, or that nuclear power will be the dominant global energy source by 2050, fur-
nishing more electricity than coal, oil and natural gas combined.

Question 1b. Are you aware of any economic analysis of the impact of these reduc-
tions beyond the initial Kyoto target? If so, can you provide this analysis?

Response. I would certainly assume that the conclusions about the economic im-
pact of carbon dioxide reductions would be drastically dependent upon the global ac-
ceptance of nuclear power at that point in the future.

Question 2. Where do we need to concentrate research to better understand cli-
mate modeling and the scientific uncertainties?

Response. A constant tension exists between the demand for a more finely gridded
atmospheric model in order to look for the regional effects of climate change, and
the need for a more elaborate data set with which to compare the model calcula-
tions. Higher powered computers are needed for more detailed calculations; meas-
urements are needed to furnish the “ground truth” which can validate the models.

Question 3. What technologies offer the most realistic opportunity to reduce man-
made emissions with the least detrimental impact to the economy?

Response. Nuclear power is the obvious answer here, but whether the country will
accept nuclear power as a replacement for coal, oil and gas remains to be seen. One
doesn’t read much about the French experience with their heavy reliance on nuclear
power. Every energy source has its associated environmental problem(s) but nuclear
power plants are not a source of greenhouse gas emissions.

Question 4. What are the effects of removing black soot from the atmosphere?

Response. From a theoretical point of view, black soot serves to absorb solar en-
ergy into the soot particle, rather than reflecting the radiation back to space. From
a quantitative point of view, the contribution of black soot is an enormous question
mark. The material does not last long in the atmosphere before dropping out, and
is quite variable in time and space. Measurements of the global effects of black soot
would require detailed daily measurements all over the world in order to have an
appropriate average for the world. Such data do not exist.

Question 5. What are the benefits of using U.S. clean coal technology in countries
like China and India in terms of removing black soot?

Response. To the locals, obviously cleaner air. On a global warming basis, highly
uncertain in the absence of the global daily coverage mentioned above.

Question 6. Who wrote the Summary of the NRC’s June 2001 “Climate Change
Science” report? Can you document the uncertainties reflected in the underlying re-
port?

Response. The first conference call led to agreement among the committee mem-
bers about the general nature and the individual components of the report, and then
to multiple assignments to create drafts on particular topics. As the report took
shape, the chairman began drawing out the essence of each and circulating that for
comment and discussion. Basically, the report and its summary were written by the
committee members with the chair a very active participant in almost all of the in-
dividual discussions.

The decision was made early not to provide individual documentation and ref-
erences for this report because of the time constraints. Almost all of the uncertain-
ties mentioned in the “Climate Change Science” report are discussed in the IPCC
reports, both the Summary for Policy Makers, and Volume One, “The Scientific
Base”, but are not individually referenced.

Question 7. Please provide the documentation of how the NRC report addressed
the satellite, weather balloon and surface temperature measurements.
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Response. This question had been addressed separately by another NRC com-
mittee, with a report issued in 1999. The chairman of that committee was a member
of the Climate Change Science committee.

Question 8. Who wrote the IPCC summary for policymakers?

Response. I was not part of the IPCC process, and know only anecdotally that the
listed authors appear to have worked much like the Climate Change Science com-
mittee, except that their interactions were stretched out over months and years.

Question 9. Which uncertainties in the underlying IPCC Working Group reports
were also reflected in the NRC (June 2001) report?

Response. I think that the same general sets of uncertainties were involved in
both, but the IPCC Working Group reports cover more than 2500 pages as published
and obviously can discuss uncertainties on a more micro scale.

Question 10. In your written testimony you said that increased greenhouse gas
concentrations are “often because of the activities of mankind.” Yet in you oral com-
ments you said they were “mostly caused by the activities of man.” There is a sig-
nificant difference between “often” and “mostly.” Many people attach much meaning
to the individual words of the IPCC Reports and other Climate Reports. Could you
explain what you meant in your two different testimonies?

Response. The two terms “often” and “mostly” are complementary, and both are
different from “always” because some of the emission sources for some of the green-
house gases are of natural origin. For those molecules with both natural sources and
releases by the activities of mankind, the source is no longer distinguishable when
the molecule is in the atmosphere, but the increase in the atmospheric concentration
is then usually caused by the addition of the anthropogenic source rather than by
a change in the non-human processes. There are many different greenhouse gases
and many different ways in which mankind causes them to be put into the atmos-
phere. Thirty years ago discussions about global warming might be alternately de-
scribed as “the carbon dioxide problem”. Then, in the 1970’s a succession of meas-
urements showed increasing concentrations in the atmosphere of methane, nitrous
oxide, and the chlorofluorocarbons (CFC-11, CFC-12 and CFC-113, and the alter-
nate description became “the greenhouse gas problem”. The only important green-
house gas not listed as such is water vapor, for which the atmospheric concentration
is controlled by the temperature of the ocean through evaporation. With further re-
search, the greenhouse gas list was expanded to include sulfur hexafluoride, the
perfluorocarbons (such as CF; and C,Fe) and the hydrofluorocarbons (such as
CH,FCF3, now the common refrigerant 134A in automobile air conditioners.). Vol-
ume One of the IPCC 2001 report lists 64 greenhouse gases. Carbon dioxide, meth-
ane and nitrous oxide have been components of the atmosphere for hundreds of
thousands of years, and have always had natural sources. However, for each of
three molecules, there now exist substantial sources of emissions under the control
of mankind, and most of the increase, in their concentrations arises from these wide-
ly varying activities of mankind: burning of coal, gas and oil for carbon dioxide, re-
lease from rice paddies and cattle for methane, microbial action on fertilizers for ni-
trous oxide. For the other 60+ molecules, no natural sources are known and their
presence in the atmosphere results from chemical synthesis by man, and then re-
lease to the atmosphere unchanged. These compounds are used in a very wide vari-
ety of human activities, with the common characteristic that release to the atmos-
phere unchanged is the usual occurrence. When it comes to evaluation of the cumu-
lative greenhouse effect of all of these gases, then carbon dioxide is the most impor-
tant, accounting for roughly half of the total, with methane and nitrous oxide having
significant roles. The incremental changes in the total greenhouse gas effect are
mostly the product of some activity of mankind.

STATEMENT OF DR. ROGER A. PIELKE, JR., UNIVERSITY OF COLORADO, BOULDER, CO

I thank the chairman and the committee for the opportunity to offer testimony
this morning on the economic and environmental risks associated with increasing
greenhouse gas emissions.

My name is Roger Pielke, Jr. and I am an Associate Professor of Environmental
Studies at the University of Colorado where I also direct the CIRES Center for
Science and Technology Policy Research. My research focuses on the connections of
science and decisionmaking. A short biography can be found at the end of my writ-
ten testimony.

In my oral testimony I'd like to highlight six “take home points,” which are devel-
oped in greater detail in my written testimony and in the various peer-reviewed sci-
entific papers cited therein.



88

TAKE HOME POINTS

. 1ZVleather and climate have growing impacts on economies and people around the
world.

e The primary cause for the growth in impacts is the increasing vulnerability of
human and environmental systems to climate variability and change, not changes
in climate per se.2

e To address increasing vulnerability, and the growing impacts that result, re-
quires a broader conception of “climate policy” than now dominates debate.3

e We must begin to consider adaptation to climate to be as important as matters
of energy policy in discussion of response options. Present discussion all but com-
pletely neglects adaptation.4

e Increased attention to adaptation would not mean that we should ignore energy
policies, but instead is a recognition that changes in energy policy are insufficient
to address the primary reasons underlying trends in the societal impacts of weather
and climate.5

e The nation’s investments in research could be more efficiently focused on pro-
ducing usable information for decisionmakers seeking to reduce vulnerabilities to
climate. Specifically, the present research agenda is improperly focused on pre-
diction of the distant climate future.®

The remainder of this document develops these points through a case study fo-
cused on tropical cyclones. Considerably more detail can be found in the set of peer-
reviewed articles cited in support of the arguments presented here.

Policy debate and advocacy on the issue of climate change frequently focus on the
potential future impacts of climate on society, usually expressed as economic dam-
age or other human outcomes. Today I would like to emphasize that societal impacts
of climate are a joint result of climate phenomena (e.g., hurricanes, floods, and other
extremes) and societal vulnerability to those phenomena. The paper concludes that
policies focused on reducing societal vulnerability to the impacts of climate have im-
portant and under-appreciated dimensions that are independent of energy policy.

In the climate change debate, people often point to possible increases in extreme
weather events (e.g., hurricanes, floods, and winter storms) as a potentially serious
consequence of climate change for humans around the world. For instance, the Jan-
uary 22, 1998 issue of Newsweek carried the following headline: “THE HOT ZONE:
Blizzards, Floods, and Hurricanes, Blame Global Warming.” In this testimony I use
the case of hurricanes to illustrate the interrelated climate-society dimensions of cli-
mate impacts. Research indicates that societal vulnerability is the single most im-
portant factor in the growing damage related to extreme events. An implication of
this research for policy is that decisionmaking at local levels (such as related to land
use, insurance, building codes, warning and evacuation, etc.) can have a profound
effect on the magnitude and significance of future damage.”

Figure 1 shows economic damage (adjusted for inflation) related to hurricane
landfalls in the United States, 1900-1998.8 Because damage is growing in both fre-
quency and intensity, one possible interpretation of this figure is that hurricanes
have become more frequent and possibly stronger in recent decades. However, while
hurricane frequencies have varied a great deal over the past 100+ years, they have
not increased in recent decades (Figure 2, provided courtesy of C. Landsea, NOAA).?
To the contrary, although damage increased during the 1970’s and 1980’s, hurricane
activity was considerably lower than in previous decades.
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To explain the increase in damage it is necessary to consider factors other than
climate. In particular, society has changed enormously during the period covered by
Figure 2. Figures 3a and b show this dramatically. Figure 4a shows a stretch of
Miami Beach in 1926. Figure 3b shows another perspective of Miami Beach from
recent years. The reason for increasing damages is apparent from the changes easily
observable in these figures: today there is more potential for economic damage than
in the past due to population growth and increased wealth (e.g., personal property).

T Tl e
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Figure 4b shows the increase in population along the Gulf and Atlantic coasts for
168 coastal counties from Texas through Maine (Figure 4a). In 1990, the population
of Miami and Ft. Lauderdale (2 counties) exceeded the combined population of 107
counties from Texas to Virginia.l? Clearly, societal changes such as coastal popu-
lation growth have had a profound effect on the frequency and magnitude of impacts
from weather events such as hurricanes.!!
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One way to present a more accurate perspective on trends in hurricane-related
impacts is to consider how past storms would affect present society. A 1998 paper
presented a methodology for “normalizing” past hurricane damage to present day
values (using wealth, population and inflation). Figure 5 shows the historical losses
of Figure 1 normalized to 2000 values.12

The normalized record shows that the impacts of Hurricane Andrew, at close to
$40 billion (2000 values), would have been far surpassed by the Great Miami Hurri-
cane of 1926, which would cause an estimated $90 billion damage had it occurred
in 2000. We can have confidence that the normalized loss record accounts for soci-
etal changes because the adjusted data contains climatological information, such as
the signal of El Nino and La Nina.13
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The normalization methodology provides an opportunity to perform a sensitivity
analysis of the relative contributions of climate changes and societal changes, as
projected by the Intergovernmental Panel on Climate Change (IPCC), to future top-
ical cyclone damages. Figure 6 shows the results of this analysis.l4 The three blue
bars show three different calculations (named for their respective authors) used by
IPCC in its Second Assessment Report for the increase in tropical cyclone-related
damage in 2050 (relative to 2000) resulting from changes in the climate, inde-
pendent of any changes in society. The four green bars show the sensitivity of trop-
ical cyclone-related damage in 2050 (relative to 2000) resulting from changes in soci-
ety based on four different IPCC population and wealth scenarios used in its Third
Assessment Report. These changes are independent of any changes in climate.

Figure 6 illustrates dramatically the profound sensitivity of future climate im-
pacts to societal change, even in the context of climate changes projected by the
IPCC. The relative sensitivity of societal change to climate change ranges from 22
to 1 (i.e., smallest societal sensitivity and largest climate sensitivity) to 60 to 1 (i.e.,
largest societal sensitivity and smallest climate sensitivity). This indicates that inso-
far as tropical cyclones are concerned, steps taken to modulate the future climate
(e.g., via greenhouse gas emissions or other energy policies) would only address a
very small portion of the increasing damages caused by tropical cyclones. Similar
results have been found for tropical cyclone impacts in developing countries,'5 flood-
ing,16 other extremes,17 and water resources.18
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The perspective offered in this discussion paper raises the possibility that the
U.N. Framework Convention on Climate Change (FCCC) has a critical, but largely
unrecognized flaw with profound implications for policy. Under the FCCC the term
“climate change” is defined as “a change of climate which is attributed directly or
indirectly to human activity that alters the composition of the global atmosphere
and which is in addition to natural climate variability over comparable time peri-
ods.” This definition stands in stark contrast to the broader definition used by the
Intergovernmental Panel on Climate Change (IPCC) which states that climate
change is “any change in climate over time whether due to natural variability or
as a result of human activity.”

As a consequence of the FCCC definition, “adaptation” refers to actions in re-
sponse to climate changes attributable solely to greenhouse gas emissions. It does
not refer to efforts to improve societal responses to “natural” climate variability.
Consequently, adaptation has only “costs” because adaptive responses would by defi-
nition be unnecessary if climate change could be prevented. Hence, it is logical for
many conclude that preventative action is a better policy alternative and rec-
ommend adaptive responses only to the extent that proposed mitigation strategies
will be unable to prevent changes in climate in the near future. But this overlooks
the fact that even if energy policy could be used intentionally to modulate future
climate, other factors will play a much larger role in creating future impacts and
are arguably more amenable to policy change.

Based on these results implicit in the work of the IPCC and shown in Figure 6,
an increased focus on “adaptation” makes sense under any climate scenario. But the
Framework Convention is structured to deal only with the growth in impacts related
to the greenhouse gas impacts on the climate (the blue bars) and not the profound
societal vulnerability (green bars) that will dominate future climate impacts under
any climate change scenario.

Consider that the International Red Cross estimates that in the 1990’s around the
world, weather and climate events were directly related to more than 300,000
deaths and more than U.S. $700 billion in damages.1® Many of these human losses
are preventable and economic losses are manageable with today’s knowledge and
technologies.2? Simple steps taken to reduce societal vulnerability to weather and
climate could also make society more resilient to future variability and change. Seen
from this perspective, costs of adaptation could easily be exceeded by the benefits
of better dealing with the impacts of climate, irrespective of future changes in cli-
mate and their causes. The Framework Convention’s definitional gerrymandering of
“climate change” according to attribution prejudices policy and advocacy against
such common sense activities.

An implication of this work is that policy related to societal impacts of climate
has important and under-appreciated dimensions that are independent of energy
policy. It would be a misinterpretation of this work to imply that it supports either
business-as-usual energy policies, or is contrary to climate mitigation. It does sug-
gest that if a policy goal is to reduce the future impacts of climate on society, then
energy policies are insufficient, and perhaps largely irrelevant, to achieving that
goal. Of course, this does not preclude other sensible reasons for energy policy action
related to climate (such as ecological impacts) and energy policy action independent
of climate change (such as national security, air pollution reduction and energy effi-
ciency).2! It does suggest that reduction of human impacts related to weather and
climate are not among those reasons, and arguments and advocacy to the contrary
are not in concert with research in this area.

—
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The arguments presented in this testimony highlight a need to distinguish “cli-
mate policy” from “energy policy” (Figure 7). “Climate policy” refers to the actions
that organizations and individuals take to reduce their vulnerability to (or enhance
opportunities afforded by) climate variability and change.22 From this perspective
governments and businesses are already heavily invested in climate policy. In the
context of hurricanes and floods, climate policies might focus on land use, insurance,
engineering, warnings and forecasts, risk assessments, and so on. These are the
policies that will make the most difference in reducing the future impacts of climate
on society.

The conventional view is that climate policy is energy policy. However, much of
the debate and discussion on climate change revolves around energy policy and ig-
nores the fact that such policies, irrespective of their merit, can do little to address
growing societal vulnerabilities to climate around the world. In all contexts, improv-
ing policies targeted on the societal impacts of climate depends on a wide range of
factors other than energy policy. Consequently, in light of the analyses presented
here, a common interest objective of climate policy would be to improve societal and
environmental resilience to climate variability and change, and to reduce the level
of vulnerability. Climate policy should be viewed as a complement, not an alter-
native, to energy policies.

FIGURE CAPTIONS

Figure 1. U.S. hurricane damage 1900-1998, adjusted for inflation to 1998 values.

Figure 2. U.S. hurricane landfalls, 1851-1998, figure courtesy of C. Landsea.

A F}ilgure 3a. Miami Beach, 1926. Photo from the Wendler Collection, Florida State
rchives.

Figure 3b. Miami Beach, recent decades. Undated photo from the NOAA Arcive.

Figure 4a. Map of 168 coastal counties from Texas through Maine.

Figure 4b. Population of the 168 coastal counties from Texas through Maine for
1930 and 1990 based on U.S. Census data.

Figure 5. Historical losses from hurricanes adjusted to 2000 values based on infla-
tion, population, and wealth. The graph suggests the damage that would have oc-
curred had storms of past years made landfall with the societal conditions of 2000.

Figure 6. A sensitivity analysis of the impacts of tropical cyclones in 2050 based
on the assumptions of the Intergovernmental Panel on Climate Change. The green
bars show sensitivity of future impacts to societal changes and the blue bars show
?ensitivity to climate changes. Societal changes are the overwhelmingly dominant
actor.

Figure 7. How our perspective on “global warming” might change. Rather than de-
fining climate policy as energy policy, we might instead more clearly distinguish the
two with implications for research and policy.
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«

RESPONSES OF DR. ROGER A. PIELKE, JR. TO ADDITIONAL QUESTIONS FROM
SENATOR JEFFORDS

Question 1. In your testimony, you provided some estimates of the costs of adapt-
ing our communities and infrastructure to a changing climate. Obviously, we need
to do a much better job of discouraging development in vulnerable areas. How do
your cost projections take into account the risks associated with abrupt climate
changes described in the Academy’s December 2001 report?

Response. The sensitivity analyses reported in my testimony (based on Pielke et
al. 2000) rely on the assumptions of the Second Assessment Report of the Intergov-
ernmental Panel on Climate Change (IPCC) for both changes in climate and
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changes in society. Because the IPCC did not consider abrupt climate changes for
the particular impacts we evaluated, neither does our analysis.

I served as a member of the Academy committee that prepared the Abrupt Cli-
mate Change report. We discussed at great length the topic of economic and ecologi-
cal impacts associated with abrupt climate change, and Chapter 5 of our report fo-
cused on that topic. The committee’s main recommendation that focused on reducing
risk associated with abrupt climate change is entirely consistent with the approach
recommended in my testimony. I reproduce that particular recommendation (num-
ber 5 in the report, Abrupt Climate Change: Inevitable Surprises, National Research
Council, 2002, pp. 164-165) in its entirety here:

Recommendation 5. Research should be undertaken to identify “no-regrets” meas-
ures to reduce vulnerabilities and increase adaptive capacity at little or no cost. No-
regrets measures may include low-cost steps to: slow climate change; improve cli-
mate forecasting; slow biodiversity loss; improve water, land, and air quality; and
develop institutions that are more robust to major disruptions. Technological
changes may increase the adaptability and resiliency of market and ecological sys-
tems faced by the prospect of damaging abrupt climate change. Research is particu-
larly needed to assist poor countries, which lack both scientific resources and eco-
nﬁmic infrastructure to reduce the vulnerabilities to potential abrupt climate
changes.”

Reference: Pielke, Jr., R. A., R. Klein, and D. Sarewitz, 2000: Turning the Big
Knob: An Evaluation of the Use of Energy Policy to Modulate Future Climate Im-
pacts. Energy and Environment, 11, 255-276.

Question 2. How do those cost projections consider the impacts on intangible as-
sets, such as cultural heritage, scenery, and other quality of life-related matters?

Response. The sensitivity analysis presented in my testimony was based on three
different analyses used by the IPCC for projecting tropical cyclone damage in 2050.
Pielke et al. 2000 summarizes these projections as follows:

e Cline (1992) relied on Emanuel’s (1987) estimate that the destructive potential
of tropical cyclones could rise by 40-50 percent under a doubling of greenhouse
gases. The study assumed U.S. annual average hurricane losses of $1.5 billion and
that damage would rise linearly with increased intensity. Cline thus multiplied $1.5
billion by 50 percent to project an increase in annual U.S. hurricane-caused dam-
ages of $750 million. Cline assumed that increased damage from global warming
would be more than linear in relation to rising temperatures and estimated that an-
nual hurricane-related damages from a 10°C warming could be as high as $6.4 bil-
lion (Cline 1992).

e Fankhauser (1995) assumed worldwide annual average tropical cyclone dam-
ages of $1.5 billion and loss of 15,000-23,000 lives. This study also relied on
Emanuel’s estimate of a 40-50 percent increase in tropical cyclone intensity result-
ing from a 4.2°C warming. It adjusted this to 28 percent for a 2.5°C warming and
assumed storm damages increase exponentially with intensity. Thus, the study mul-
tiplied 28 percent by 1.5 by $1.5 billion to arrive at an estimate of $630 million in
additional worldwide annual average hurricane-related damages due to a 2.5°C
warming. It also estimated that an additional 8,000 deaths would occur, which were
valued at $2.1 billion, bringing total additional tropical cyclone-related worldwide
losses to $2.7 billion. Fankhauser estimated that the U.S. share of these damages
would be $223 million ($115 million from destruction, $108 million from lost lives).

e Tol (1995) assumed that tropical cyclone intensity will increase 50 percent due
to a 2.5°C warming, and that a fraction of the damages are related quadratically
to an increase in intensity. This study estimated that additional tropical cyclone-re-
lated damages from a doubling of greenhouse gases in 1988 dollars will be $.3 bil-
lion in the United States and Canada and $1.4 billion worldwide, but did not de-
scribe the baseline damage estimates.

Reference and source for references cited above: Pielke, Jr., R. A., R. Klein, and
D. Sarewitz, 2000: Turning the Big Knob: An Evaluation of the Use of Energy Policy
to Modulate Future Climate Impacts. Energy and Environment, 11:255-276.

Question 3. As you know, this committee is very interested in the effects of disas-
ters on public infrastructure. We have jurisdiction over FEMA, water supplies, high-
ways, etc. What work is being done to quantify the costs of investments that could
be made now to reduce the impacts of disasters and climate change on human-made
and natural systems?

Response. I suggested in my testimony “the possibility that the U.N. Framework
Convention on Climate Change (FCCC) has a critical, but largely unrecognized flaw
with profound implications for policy. Under the FCCC the term “climate change”
is defined as “a change of climate which is attributed directly or indirectly to human
activity that alters the composition of the global atmosphere and which is in addi-
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tion to natural climate variability over comparable time periods.” This definition
stands in stark contrast to the broader definition used by the Intergovernmental
Panel on Climate Change (IPCC) which states that climate change is “any change
in climate over time whether due to natural variability or as a result of human ac-
tivity.” As a consequence of the FCCC definition, “adaptation” refers to actions in
response to climate changes attributable solely to greenhouse gas emissions. It does
not refer to efforts to improve societal responses to “natural” climate variability.
Consequently, adaptation has only “costs” because adaptive responses would by defi-
nition be unnecessary if climate change could be prevented. Hence, it is logical for
many to conclude that preventative action is a better policy alternative and rec-
ommend adaptive responses only to the extent that proposed mitigation strategies
will be unable prevent changes in climate in the near future. But this overlooks the
fact that even if energy policy could be used intentionally to modulate future cli-
mate, other factors will play a much larger role in creating future impacts and are
arguably more amenable to policy change.”

As a consequence, very little work (both in an absolute and relative sense) has
been done to evaluate adaptation alternatives. In 1996 the IPCC wrote that adapta-
tion offers a “very powerful option” for responding to climate change and ought to
be viewed as a “complement” to mitigation efforts (IPCC 1996, 187-188). Yet, the
IPCC also wrote “little attention has been paid to any possible tradeoff between both
tyges of options.” (IPCC 1996, 250). These conclusions, in my view, remain current
today.

Reference: Intergovernmental panel on Climate Change (IPCC), 1996. Climate
Change 1995: Economic and Social Dimensions of Climate Change, J. P. Bruce et
al. (eds.), Cambridge University Press.

Question 4. You mention in your testimony that “decisionmaking at local levels

. . can have a profound effect on the magnitude and significance of future dam-
age.” Are local governments beginning to make the connection between urban and
land use planning and vulnerabilities to climate change? Do you know of any efforts
to disseminate academic research findings and recommendations regarding climate
change adaptation techniques to local governments and communities?

Response. If local governments are beginning to make the connection between
urban and land use planning and vulnerabilities to climate change, they are doing
so on an ad hoc and unsystematic basis. A considerable effort in government, aca-
demia and the private sector exists in the United States (and globally) to improve
decisionmaking with respect to “hazards.” However, this effort is largely separate
in both research and action from the climate change community. In 1997 I wrote
of this in an editorial (http://sciencepolicy.colorado.edu /zine/archives/1-29/
5.html):

“The concept of “mitigation” is central to the natural disaster policy in the United
States. At the same time, the concept of “mitigation” is also central to ongoing de-
bate about global climate change. But as used by the natural disaster community
and the climate change community, the term “mitigation” takes on almost exactly
opposite meanings. Natural hazard mitigation is defined by the Federal Emergency
Management Agency (FEMA) as “a sustained action taken to reduce or eliminate
the long-term risk to people and property from natural hazards and their effects.”
A recent FEMA report on Costs and Benefits of Natural Hazard Mitigation provides
examples of mitigation, which include business interruption insurance, wind shut-
ters, building codes, and community relocation. Climate change mitigation is defined
by the Intergovernmental Panel on Climate Change (IPCC) as “actions that prevent
or retard the increase of atmospheric greenhouse gas concentrations by limiting cur-
rent and future emissions from sources of greenhouses gases and enhancing poten-
tial sinks.” What the natural hazards community calls mitigation, the climate
change community calls “adaptation” which the IPCC defines as “any adjustment—
whether passive, reactive, or anticipatory—that can respond to anticipated or actual
consequences associated with climate change.” The different use of terminology cre-
ates a situation that is potentially confusing for policymakers and other practi-
tioners. While academics often work in communities that are relatively isolated from
one another, policymakers typically do not. And since natural hazards are one of the
threats being associated with climate change, it is probably worth paying attention
to the words used in this regard. At a minimum, the conflicting terminology is
symptomatic of the general lack of interaction between the hazards and climate
change communities. In the climate change world, there is a tension between those
who seek to prevent climate change through energy policies (i.e., climate change
mitigation) and those who emphasize adaptation (i.e., natural hazards mitigation).
To date, the advocates of prevention have dominated the debate. This creates a dis-
incentive for the natural hazards community to play a significant role in the devel-
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opment of climate policy, which is unfortunate, as without a doubt the knowledge
gained by the hazards community has an important role to play in the climate poli-
cies of the future.”

Question 5. You also state, “Many . . . human losses are preventable and eco-
nomic losses are manageable with today’s knowledge and techniques . . . . [Closts
of adaptation could easily be exceeded by the benefits of better dealing with the im-
pacts of climate, irrespective of future changes in climate and their causes.” What
are some specific examples of adaptation strategies or investments that you rec-
ommend vulnerable coastal communities implement today that could prove to be
cost-effective in the long-term?

Response. There is a considerable list of activities that might be considered under
the label “adaptation” for reducing vulnerability to climate impacts along the coasts,
including improving land use, insurance, evacuation, ecosystem management, and
other policies. A starting point for understanding the breadth of such activities is
the NOAA Coastal Services Center, http:/ /www.csc.noaa.gov /. In collaboration with
the H. John Heinz III Center for Science, Economics, and the Environment, the
NOAA CSC contributed to the publication of a book that discusses a wide range of
efforts that would address coastal vulnerability:

The Hidden Costs of Coastal Hazards: Implications for Risk Assessment and Miti-
gation. Washington, DC: Island Press, 2000. 220 pp. ISBN 1-55963-756—0 (paper).

Question 6. As you and all the other witnesses indicated, it is not safe to continue
increasing greenhouse gas emissions without limit. What needs to be done to assure
that we can avert the point of no return or “dangerous levels” of greenhouse gas
concentrations?

Response. I reject the premise underlying this question. As I stated in my testi-
mony, any policy designed to reduce risks and vulnerabilities to climate impacts on
environment and society is necessarily incomplete if focused exclusively on energy
policies. Consequently, any energy policy including instantaneous, magical abate-
ment of emissions would be insufficient to address growing risks and vulnerability
to future climate impacts. As I concluded in my testimony:

“It would be a misinterpretation of this work to imply that it supports either busi-
ness-as-usual energy policies, or is contrary to climate mitigation. It does suggest
that if a policy goal is to reduce the future impacts of climate on society, then en-
ergy policies are insufficient, and perhaps largely irrelevant, to achieving that goal.
Of course, this does not preclude other sensible reasons for energy policy action re-
lated to climate (such as ecological impacts) and energy policy action independent
of climate change (such as national security, air pollution reduction and energy effi-
ciency). It does suggest that reduction of human impacts related to weather and cli-
mate are not among those reasons, and arguments and advocacy to the contrary are
not in concert with research in this area.”

Question 7. In an answer to a question from Senator Chafee regarding your opin-
ion on achieving the 1990 level of emissions, our UNFCC target, by the date (2007)
set in the Clean Power Act, you said that “. . . full and comprehensive implementa-
tion of the Kyoto Protocol around the world . . . is not going to do much at all to
address the environment and economic risks associated with climate change.” Does
that mean you believe that the potential social, economic, and environmental costs
associated with long-term global warming cannot or will not be reduced by reducing
anthrgpogenic emissions? If so, how does that comport with the statement in ques-
tion 57

Response. This question focuses on the issue raised in the sensitivity analysis pre-
sented in my testimony. Climate impacts are a joint result of climate events and
the vulnerability to such impacts of human or natural systems. Both climate and
human and natural systems are subject to change. The assertion presented in my
testimony was, “The primary cause for the growth in impacts is the increasing vul-
nerability of human and environmental systems to climate variability and change,
not changes in climate per se.” This is borne out by a growing body of research. If
impacts are indeed the result of changes in climate and vulnerability, it would only
make sense that policies designed to address climate-related risks would focus on
both changes in climate and vulnerability. This is the essence of my proposal to rec-
ognize that climate policy has important and under-appreciated dimensions that are
independent of energy policy. Such dimensions would include the sorts of adaptation
strategies referred to in Question 5 above. Further, because there are important rea-
sons to improve the nation’s energy policies other than climate change (e.g., for rea-
sons of national security, human health, and economic efficiency), it may make prag-
matic sense to expand national discussion of energy policy beyond a narrow focus
on global warming to the exclusion of other, perhaps more compelling, reasons for
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improving national energy policies. The bottom line is that even if the Kyoto Pro-
tocol were fully and successfully implemented, it would do little to address “social,
economic, and environmental costs associated with long-term global warming” and
additional steps would be needed. Thus, whatever one’s perspective on the Kyoto
Protocol, whether viewing it as a “first step” or a “dead end,” there is no controversy
that additional efforts are needed.

Question 8. What do you think is the greatest risk, in the next 30-50 years, of
continuing to increase human-made greenhouse gas emissions? And, what is the
most feasible way to reduce or eliminate that risk?

Response. I see two risks. First, when humans alter the Earth system, there are
risks of unforeseen, unintended effects on that system. A second risk, which has
largely gone unnoticed, is that in focusing primarily on the potential risks to the
Earth system resulting in changes to that system, we neglect to observe that (a) en-
vironmental and societal impacts associated with human-climate interactions can in
many cases be addressed through a focus on reducing vulnerability to those impacts,
and (b) that there are many “no-regrets” energy policy actions that make immediate
sense irrespective of climate change. Both the science and policy communities ap-
pear to be neglecting the second type of risk and as a consequence there is a large
opportunity cost in actions not taken to improve climate policies and energy policies.
The most feasible way to address both types of risk is to follow a “no-regrets” strat-
egy of reducing vulnerability to climate variability and change (i.e., to improve adap-
tation) and as well to improve the nation’s energy policies with respect to national
security, human health, and economic efficiency.

On this, see:

Sarewitz, D., R. A. Pielke, Jr., 2000: Breaking the Global-Warming Gridlock. The
Atlantic Monthly, 286(1), 55-64. http://www.theatlantic.com /cgi-bin/o/issues/
2000/ 07 | sarewitz.htm

RESPONSES OF DR. ROGER A. PIELKE, JR. TO ADDITIONAL QUESTIONS FROM
SENATOR SMITH

Question 1. Dr. Rowland testified that “during the 20th Century, the atmospheric
concentrations of a number of greenhouse gasses have increased, mostly because of
the actions of mankind.” Do you agree with that statement? Why or why not?

Response. I agree with the IPCC conclusions.

Question 2. Do you believe we should fully implement the Kyoto Protocol? Do you
agree with the assertion that full implementation of the Kyoto Protocol would only
ave;t the expected temperature change by 6/100 of a degree, Celsius? Why or why
not?

Response. See my answer to Question 7 from Senator Jeffords. There is no con-
troversy that if the goal of the Kyoto Protocol is to reduce the risks of future climate
impacts on the environment and society, even if fully implemented, it cannot meet
this goal, for reasons discussed at length in my testimony. Consequently, whether
or not Kyoto is fully implemented, considerable additional policy action will be need-
ed to address climate impacts on society and the environment. However, as I noted
in the question and answer period of the hearing, there are other reasons to imple-
ment the Kyoto Protocol, such as considerations of international relations, national
security, environmental symbolism, etc. It may well be that such considerations lead
to support for full implementation of the Kyoto Protocol, completely independent of
risk associated with climate impacts. My testimony and this answer focus on the
role of the Kyoto Protocol in reducing risk of climate impacts.

Question 3. Since the hearing there has been much press attention paid to the
breakup of the Antarctic Ice Sheet, especially a 500-billion ton iceberg known as
“Larsen B,” that has been attributed to climate change. What specific evidence is
there that climate change is the sole cause of this phenomenon? Is there any sci-
entific evidence that anthropogenic influences bore any role in the breakup of
Larsen B?

Response. I have no special expertise to contribute to this subject.

Question 4a. Included in the hearing record as part of my opening statement was
a Swiss Re report titled “Climate research does not remove the uncertainty; Coping
with the risks of climate change” (copy attached). Please explain why you agree or
disagree with the following assertions or conclusions from that report: “There is not
one problem but two: natural climate variability and the influence of human activity
on the climate system.”
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Response. I would frame the problem a bit differently. There are changes in cli-
mate, caused by many reasons, including human activity. There are also changes
in society and caused by society to the environment that result in increased vulner-
ability to climate impacts. This definition of the problem underlies the recommenda-
tions presented in my testimony.

See Sarewitz, D., R. A. Pielke, Jr., 2000: Breaking the Global-Warming Gridlock.
The Atlantic Monthly, 286(1), 55-64. http:/ /www.theatlantic.com [cgi-bin/o/issues/
2000/07 [ sarewitz.htm

Question 4b. It is essential that new or at least wider-ranging concepts of protec-
tion are developed. These must take into account the fact that the maximum
strength and frequency of extreme weather conditions at a given location cannot be
predicted.

Response. Agreed. Along with colleagues we have examined the role of prediction
in decisionmaking and arrive at substantially similar conclusions.

See: Sarewitz, D., R. A. Pielke, Jr., and R. Byerly, (eds.), 2000: Prediction: Science,
Decision-Making and the Future of Nature. Island Press: Washington, DC.

Question 4c. Swiss Re considers it very dangerous (1) to put the case for a collapse
of the climate system, as this will stir up fears which—if they are not confirmed—
will in time turn to carefree relief, and (2) to play down the climate problem for
reasons of short-term expediency, since the demand for sustainable development re-
1ciuil("ies that today’s generations take responsible measures to counter a threat of this

ind.

Response. Agreed and I point you to my answer to Question 1 from Senator Jef-
fords for elaboration.

Question 5. Do you believe that our vulnerability to extreme weather conditions
is increasing? Why or why not?

Response. Vulnerability to extreme weather has increased as populations and
wealth have grown and more people have located in exposed locations. This perspec-
tive is now well documented in the peer-reviewed literature. A 1999 review (Kunkel
et al. 1999) concluded, “. . . increasing losses are primarily due to increasing vul-
nerability arising from a variety of societal changes, including a growing population
in higher risk coastal areas and large cities, more property subject to damage, and
lifestyle and demographic changes subjecting lives and property to greater expo-
sure.” Numerous other references supporting this conclusion are provided in my tes-
timony.

Reference: Kunkel, K., R. A. Pielke Jr., S. A. Changnon, 1999: Temporal Fluctua-
tions in Weather and Climate Extremes That Cause Economic and Human Health
Impacts: A Review. Bulletin of the American Meteorological Society, 80:1077-1098.

RESPONSES OF DR. ROGER A. PIELKE, JR. TO ADDITIONAL QUESTIONS FROM
SENATOR VOINOVICH

Question la. Advocates of the Kyoto Protocol expect aggressive reductions in emis-
sions beyond 2012. Some advocate a global CO, concentration target of 550 ppm
CO2 by 2100 which will require substantial reductions in the emissions of developed
countries (including the United States). If a concentration target of 550 ppm by 2100
is adopted, what is your estimate of the caps on emissions for the United States
by 2050? By 2100?

Response. I have no special expertise to contribute to this subject.

Question 1b. Are you aware of any economic analysis of the impact of these reduc-
tions beyond the initial Kyoto target? If so, can you provide this analysis.

Response. I have no special expertise to contribute to this subject.

Question 2. Please provide an assessment of the approaches of various States to
address normal beach erosion?
Response. I have no special expertise to contribute to this subject.

Question 3. How significant are the effects of land use changes versus other input
to climate models?
Response. I have no special expertise to contribute to this subject.

Question 4. If the estimates that Kyoto would cost the United States between
$100 and $400 billion per year to implement are true and the results would just
be a change of 0.06 degrees Celsius; would money be better spent on programs like
Project Impact (a program at FEMA which helps communities mitigate against fu-
ture natural disasters by encouraging different building techniques in disaster-prone
areas)? Are Kyoto-like reductions cost effective? Please explain.
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Response. The answer to this question is predicated upon the answer to a prior
question, “Cost effective with respect to what criteria and outcomes?” If the goal of
the Kyoto Protocol is to reduce future climate impacts, then it is clearly insufficient,
and perhaps even irrelevant. However, there are other reasons why implementation
of the Protocol might make sense, which would lead to different conclusions as to
its cost effectiveness. See my answer to Question 2 from Senator Smith for discus-
sion.

See Sarewitz, D., R. A. Pielke, Jr., 2000: Breaking the Global-Warming Gridlock.
The Atlantic Monthly, 286(1), 55-64. http:/ /www.theatlantic.com [cgi-bin/o/issues/
2000/07 [ sarewitz.htm

RESPONSE OF DR. ROGER A. PIELKE, JR. TO AN ADDITIONAL QUESTION FROM
SENATOR CAMPBELL

Question. You mentioned in your testimony that, “The present research agenda
is improperly focused on prediction of the distant climate future.” I am inclined to
agree. What sorts of research, in your expert opinion, would be of immediate benefit
in relation to adaptation to climate change?

Response. To answer this question I point you to the testimony at an April 17,
2002, House Science Committee hearing of my colleague Radford Byerly, who was
asked by the committee:

“How could a climate initiative yield information of greater relevance to end-
users, people who make decisions related to climate?”

Dr. Byerly’s response is worth quoting at length.

“To assure that a research program generates information of great relevance to
end-uses, the users must be involved in planning and evaluating the research. That
is, they must have a say in what research is done and in what counts as a success.
Users must be able to ensure that research addresses their problems, and delivers
usable results.

In the present program climate scientists typically develop information they want
to develop, i.e., answers to scientific questions, and then try to get bewildered users
to use it (the users may never have heard of the scientific question). Research re-
sults become a solution looking for a problem.

Sound research programs dedicated to problem solving typically have three
phases: A beginning—planning, a middle—the research, and an end—application
and evaluation. The present program is almost all in the middle phase, that is, it
is scientific research on scientific questions.

A better program, i.e., a program that would do more toward solving identified
problems, would be conducted as follows: Research would be preceded by a planning
phase in which users and scientists would identify and define specific problems to
be attacked, as well as specific questions and information needs, and would look
ahead to the application of the results. At this planning stage the primary sources
of information about the problems are future users, the owners of the problems, not
climate scientists. This planning process can be thought of as the researchers taking
joint ownership of the problem with the users. The researchers do not relieve the
users of responsibility, but together they take responsibility for solving the problem.
Then in the middle the research is done, and new information is obtained and pub-
lished. This second phase is often erroneously considered the entire project. Finally,
in the third phase the results are applied in the field by the users on their problem
and the research is evaluated in terms of how it helps solve the problems.

We hope that users will eagerly, fruitfully use the information, since they partici-
pated in planning the research. But such planning is hard and unfamiliar. Users
may not express their needs clearly, or researchers may not hear them, and not
every project will succeed. This is why the projects must be evaluated based on suc-
cess in the field. Research projects unsuccessful in addressing the problem are ter-
minated and successful ones are continued or replicated in a new context, as appro-
priate. That is, you correct and iterate.

Of course provision is made for projects that are making good progress in a de-
monstrably practical direction. In this way a program of projects solving real prob-
lems is grown. Along the way good science of a different kind is done.”

Dr. Byerly’s testimony can be view in its entirety at:

http:/ | sciencepolicy.colorado.edu [ homepages | rbverly | house testimony apr 2002/
index.html
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STATEMENT OF DAVID R. LEGATES, DIRECTOR, CENTER FOR CLIMATIC RESEARCH,
UNIVERSITY OF DELAWARE

I would like to thank the committee for inviting my commentary on the important
topic of the economic and environmental risks associated with increasing green-
house gas emissions.

As a matter of introduction, my background in global change research has focused
primarily on precipitation measurement and an examination of precipitation varia-
bility. My Ph.D. dissertation resulted in the compilation of the most reliable, highest
resolution, digital air temperature and precipitation climatology available to date.
Today, these fields still are being used to evaluate general circulation model (GCM)
simulations of present-day climate and to serve as input fields for hydrological and
climatological analyses. In particular, my research has focused on the accuracy of
and biases associated with precipitation measurement and on the attempt to use ex-
isting climatological time-series to determine long-term fluctuations in climate. I
also was a member of the United States delegation at the joint USA/USSR Working
Meeting on Development of Data Sets for Detecting Climate Change held in
Obninsk, Russia on September 11-14, 1989 where a joint protocol for data exchange
was signed.

Indeed, an answer to the question, “Do we have the capability to determine
whether we are changing our climate” is of obvious concern to both scientists and
policymakers. I agree strongly that we need to enact sensible environmental pol-
icy—one that is based on scientific fact with foreseeable outcomes that can reason-
ably be expected to have beneficial results. As a scientist, I choose here to focus my
comments on the scientific basis of climate change and the capabilities of the cli-
mate models, as that is my area of expertise. In the past, we have recognized a need
for cleaner air and cleaner water, demonstrated the problems associated with detri-
mental human influences, and developed policy that has resulted in our air and
water becoming markedly cleaner than they were just 30 years ago. I urge that this
issue be treated with the same common-sense approach.

PROBLEMS WITH THE OBSERVATIONAL RECORD LEAVES QUESTIONS UNANSWERED

In light of my research on climatological observations, particularly precipitation,
I have come to realize that looking for long-term trends in climate data is a very
difficult undertaking. Precipitation data, for example, exhibit many spurious trends
resulting from, in part, biases associated with the process of measuring precipita-
tion. Indeed, attempts to measure snowfall using automatic methods have proven
to be largely useless and, given the biases associated with measuring snowfall by
traditional human-observed rain gages, our estimates of snowfall can be underesti-
mates by almost a factor of two. Urban development of the environment sur-
rounding the rain gage and, in particular, changes in rain gage design and the loca-
tion of rain gages over time has adversely affected our ability to ascertain climatic
trends in precipitation. Even a cursory examination of our most reliable records of
precipitation shows that we frequently move meteorological stations, change instru-
mentation, and even the environment surrounding the site changes over time, which
undermines attempts to answer the question “Is the climate changing?” Further-
more, precipitation is a highly variable field so, from a purely statistical standpoint,
it is difficult to ascertain a small climate change signal from this high year-to-year
variability. Air temperature measurements also are subject to these same measure-
ment difficulties; in fact, the IPCC agrees that—as much as one-fifth of the observed
rise in air temperature may be attributable to urbanization effects. As some of this
change may be a direct result of natural climatic fluctuations, attributing a cause
to any detected changes also is an extremely difficult undertaking. Indeed, as has
been argued, “the data are dirty”!

Moreover, nearly all of our surface-based observations are taken from land-based
meteorological stations, leaving the nearly 70 percent of the Earth’s surface covered
by oceans largely unobserved. In particular, location of these land-based stations is
biased toward midlatitudes, low elevations, wetter climates, and technologically de-
veloped nations. Efforts to use sea surface temperatures over the oceans as a surro-
gate for air temperature measurements are largely invalid as the two temperatures
are not often commensurate. This “land” bias, in my view, is one of the main lim-
iting factors in using the observational record to infer global trends.

Satellite observations of air temperature and precipitation have proven very use-
ful in addressing the climate change question in that they provide a complete cov-
erage of the Earth’s surface and are not subject to the biases associated with mete-
orological observing sites on the ground. Spencer and Christy’s analysis of air tem-
perature changes over the lower portion of the troposphere for the last 20 years ex-
hibits no significant climate change signal as does an analysis using regularly
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launched weather balloorigi,—This is in stark contrast to the observed surface air
temperature rise of 0.6° = 0.2°C that has occurred over the entire twentieth cen-
tury. A blue-ribbon panel convened to address this apparent discrepancy concluded
that the temperature of the lower atmosphere might have remained relatively con-
stant while an increase in near surface air temperature was observed. Some have
argued that the surface warming is a delayed response to warming that had earlier
occurred in the troposphere, although the abrupt warming of the troposphere is not
consistent with expected scenarios of anthropogenic warming. The National Acad-
emy of Sciences (NAS) concluded that the difference between surface air tempera-
tures and those of the troposphere was real but inconsistent with anthropogenic
warming scenarios. In particular, the NAS only considered whether the satellite and
surface records could both be correct and yet contradictory; they never addressed
the issue of whether the surface records could, in fact, be biased.

Another problem in tying the observed increases in air temperature to an anthro-
pogenic cause is timing. Most of the warming in the observed record occurred during
two periods: 1910 to 1945 and 1970 to present. Much of the warming actually pre-
dates the rise in anthropogenic trace gas emissions, which makes it difficult to as-
cribe anthropogenic causes to the entire record. Indeed, we know that our observed
record began in the late 1800’s when air temperature measurements were sparse
and more prone to bias. This timing also coincides with the demise of the Little Ice
Age—a period of cooler-than-normal conditions that lasted from the middle portion
of the last millennium to about the mid-1800’s. Thus, it is unclear how much of the
observed warming should be attributed to anthropogenic increases in atmospheric
trace gases and how much of it is simply natural variability or measurement bias.

MODELING THE COMPLEX CLIMATIC SYSTEM IS AN EXTREMELY DIFFICULT TASK

In theory, therefore, climate models should be our best ability to study climate
change. With models, we are not constrained by biased and limited observing sys-
tems or by contamination by other signals; but rather, we can alter the simulated
climate and see “what if’ while holding everything else constant. Such models, how-
ever, are predicated on their ability to replicate the real climate—after all, if climate
models cannot replicate what we observe today, how can their prognostications of
climate change possibly be expected to be transferable to the real world? Although
I am not a climate modeler, much of my research has focused on comparing observa-
tions with climate model simulations of present-day conditions. Thus, I am very fa-
miliar with what climate models can and cannot do.

I am dismayed by the fact that much of the rather limited success in simulating
average conditions by most climate models is achieved at the expense of changing
some parameters to highly unrealistic values. For example, some models drastically
change the energy coming from the sun to levels that are well beyond those that
solar physicists have observed. Many models employ what are called “flux adjust-
ments”, which can only be described as finagling factors to make the average,
present-day surface air temperatures look reasonable. One has to question why such
overt deviations from reality are necessary if, in fact, the models are able to realisti-
cally represent our climate system.

In defense of climate modelers, I will say that they have a very difficult and
daunting task. The climate system is extremely complex. Clouds, land surface proc-
esses, the cryosphere (ice and snow), precipitation forming mechanisms, the bio-
sphere, and atmospheric circulation, just to name a few, are complex components
of the global climate system that are not well understood or modeled appropriately
at the scale employed by general circulation models. In essence, the climate change
response can be directly affected by our parameterizations of many of these compo-
nents. For example, an important question that now is being asked is “Why is the
warming exhibited by transient climate models not being seen in the observed
record?” There has been much discussion on the impacts of aerosols, black soot, high
altitude clouds, and other so-called “wild cards” in the climate system—are they
masking the climate change signal or should they be adding to it? How climate mod-
elers treat these unknown processes in their models can affect dramatically the
model simulations. Indeed, there are likely additional issues that we have not yet
encountered.

CLIMATE MODELS CANNOT REPRODUCE A KEY CLIMATIC VARIABLE: PRECIPITATION

Despite these issues, do climate models well represent the Earth’s climate? On
three separate occasions—in 1990, 1996, and again in 2000—I have reviewed the
ability of state-of-the-art climate models to simulate regional-scale precipitation. In
general, the models poorly reproduce the observed precipitation and that char-
acteristic of the models has not substantially changed over time. One area where
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the models have been in continued agreement has been in the Southern Great
Plains of the United States. In all three studies, the varied models I have examined
agree that northeastern Colorado receives substantially more precipitation than
northwestern Louisiana! That is in marked contrast with reality where Louisiana
is obviously wetter than Colorado. But the important ramification of this is that if
precipitation is badly simulated in a climate model, then that will adversely affect
virtually every other aspect of the model simulation. Precipitation affects the en-
ergy, moisture, and momentum balances of the atmosphere and directly affects the
modeling of the, atmosphere, the hydrosphere, the biosphere, and the cryosphere.
In turn, a bad representation of these components will again adversely impact the
precipitation simulation. In short, anything done wrong in a climate model is likely
to be exhibited in the model simulation of precipitation and, in turn, errors in simu-
lating precipitation are likely to adversely affect the simulation of other components
of the climate system. Given its integrative characteristic, therefore, precipitation is
a good diagnostic for determining how well the model actually simulates reality, es-
pecially since simple “tuning” adjustments cannot mask limitations in the simula-
tion, as is the case with air temperature.

If we examine climate model output a bit further, we uncover another disturbing
fact—climate models simply do not exhibit the same year-to-year or even within-sea-
son variability that we observe. Precipitation in a climate model does not arise from
organized systems that develop, move across the Earth’s surface, and dissipate. In-
stead, modeled precipitation can best be described as “popcorn-like”, with little if
any spatial coherency. On a year-to-year basis, both air temperatures and precipita-
tion exhibit little fluctuation, quite unlike what we experience. This is particularly
important because it is the climatic extremes and not their means that have the
biggest adverse impacts. Simply put, climate models cannot begin to address issues
associated with changes in the frequency of extreme events because they fail to ex-
hibit the observed variability in the climate system.

I attach a piece I wrote regarding the climate models used in the National Assess-
ment and their evaluation with my climatology, which further highlights our uncer-
tainties in climate models. In fact, the National Assessment itself recognized that
both the Canadian Global Coupled Model and the Hadley Climate Model from Great
Britain used by the, Assessment provide more extreme climate change scenarios
than other models that were available and that had been developed in the United
States. Neither model is reasonably able to simulate the presentday climate condi-
tions.

OUR OBSERVATIONAL CAPABILITIES ARE IN JEOPARDY

Given that our observational record is inconclusive and that model simulations
are fraught with problems, on what can we agree? In my view, there are two main
courses of action that we should undertake. First, we need to continue to develop
and preserve efforts at climate monitoring and climate change detection. Efforts to
establish new global climate observing systems are useful, but we need to preserve
the stations that we presently have. There is no surrogate for a long-term climate
record taken with the same instrumentation and located in essentially the same en-
vironmental conditions. Modernization efforts of the National Weather Service to
some extent are undermining our monitoring of climatic conditions by moving and
replacing observing sites, thereby further introducing inhomogeneities into these cli-
mate records. Some nations of the world have resorted to selling their data, which
has adversely impacted our assessments of climate change. However, given that
oceans cover nearly three-quarters of the Earth’s surface, we need to exploit and
further develop satellite-derived methods for monitoring the Earth’s climate. We
also need to better utilize the national network of WSR88D weather radars to mon-
itor precipitation.

But foremost, we need to focus on developing methods and policy that can directly
save lives and mitigates the economic devastation that often is associated with spe-
cific weather-related events. Climate change discussions tend to focus on increases
in mean air temperatures or percentage changes in mean precipitation. But it is not
changes in the mean fields on which we need to place our efforts. It would be rather
easy to accommodate even moderately large changes in mean air temperature, for
example, if there were no year-to-year variability. Loss of life and adverse economic
impact resulting from the weather occurs not when conditions are “normal”; but
rather, as a result of extreme climatic events: heat waves, cold outbreaks, floods,
droughts, and storms both at small (tornado, thunderstorm, high winds, hail, light-
ning) and large scales (hurricanes, tropical storms, nor’easters). The one thing that
I can guarantee is that regardless of what impact anthropogenic increases in atmos-
pheric trace gases will have, extreme weather events will continue to be a part of
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our life and they will continue to be associated with the most weather-related
deaths and the largest economic impact resulting from the weather.

Ascertaining anthropogenic changes to these extreme weather events is nearly im-
possible. Climate models cannot even begin to simulate storm-scale systems, let
alone model the full range of year-to-year variability. Many of these events are ex-
tremely uncommon so that we cannot determine their statistical frequency of occur-
rence from the observed record, let alone determine how that frequency may have
been changing over time. While we need to continue to examine existing climate
records for insights and to develop reliable theory to explain plausible scenarios of
change, the concern is whether we can enact policy now that will make a difference
in the future.

However, is there cause for concern that anthropogenic warming will lead to an
enhanced hydrologic cycle; that is, will there be more variability in precipitation re-
sulting in more occurrences of floods and droughts? The IPCC Summary for Policy
Makers states:

Global warming is likely to lead to greater extremes of drying and heavy rain-
fall and increase the risk of droughts and floods that occur with El Nino events
in many different regions.

However, if one reads the technical summary of Working Group I, we find that:

There is no compelling evidence to indicate that the characteristics of tropical
and extratropical storms have changed. Owing to incomplete data and limited
and conflicting analyses, it is uncertain as to whether there have been any long-
term and large-scale increases in the intensity and frequency of extra-tropical cy-
clones in the Northern Hemisphere. Recent analyses of changes in severe local
weather (e.g., tornadoes, thunderstorm days, and hail) in a few selected regions
do not provide compelling evidence to suggest long-term changes. In general,
trends in severe weather events are notoriously difficult to detect because of their
relatively rare occurrence and large spatial variability.

The IPCC goes on to further state “there were relatively small increases in global
land areas experiencing severe droughts or severe wetness over the 20th century”.
Karl and Knight, who conducted a detailed study on precipitation variability across
the United States, concluded that as the climate has warmed, variability actually
has decreased across much of the Northern Hemisphere’s midlatitudes, a finding
they agree is corroborated by some computer models. Hayden, writing for the Water
Sector of the U.S. National Assessment, agrees that no trend in storminess or storm
frequency variability has been observed over the last century and that “little can
or should be said about change in variability of storminess in future, carbon dioxide
enriched years.” Soden concluded, “even the extreme models exhibit markedly less
precipitation variability than observed.” In addition, Sinclair and Watterson have
noted that, in fact, climate models tend to indicate that increased levels of atmos-
pheric trace gases leads to a “marked decrease in the occurrence of intense storms”
outside the tropics and they argue that claims of enhanced storminess from model
simulations are more the result of models that fail to conserve mass. Clearly, claims
that anthropogenic global warming will lead to more occurrences of droughts, floods,
and storms are wildly exaggerated.

Thus, I believe it stands to reason that we need to focus on providing real-time
monitoring of environmental conditions. This will have two benefits: it will provide
immediate data to allow decisionmakers to make informed choices to protect citizens
faced with these extreme weather events and, if installed and maintained properly,
it will assist with our long-term climate monitoring goals. Such efforts are presently
being developed by forward-looking states. For example, I am involved with a
project, initiated by the State of Delaware in cooperation with FEMA, the National
Weather Service, and Computational Geosciences Inc. of Norman, Oklahoma, to de-
velop the most comprehensive, highest resolution, statewide weather monitoring
system available anywhere. Louisiana and Texas also have expressed interests in
using our High-Resolution Weather Data System technology for real-time statewide
weather monitoring. Regardless then of what the future holds, employing real-time
monitoring systems, with a firm commitment to supporting and maintaining long-
term climate monitoring goals, proves to be our best opportunity to minimize the
impact of weather on human activities.

FINAL THOUGHTS: THE SCIENCE IS NOT YET IN

In 1997, I had the pleasure to chair a panel session at the Houston Forum that
included seven of the most prominent climate change scientists in the country. At
the close of that session, I asked each panelist the question, “In 2002, given 5 more
years of observations, 5 more years of model development, and 5 more years of tech-



105

nological advances and knowledge about the climate system, will we have an answer
to the question of whether our climate is changing as a result of anthropogenic in-
creases in trace gas emissions?” The panel, which consisted of both advocates and
skeptics, agreed that we would have a definitive answer probably not by 2002, but
certainly by 2007. I disagreed then and I continue to disagree today. I fear that the
issue has become so politically charged that the political process will always cloud
the true search for scientific truth. But more than that, I feel the climate system
is far more complex than we ever imagined—so much so that we still will not have
a definitive answer by 2007.

I again thank the committee for inviting my commentary on this important topic.
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Executive Summary

The U.S. National Assessment of the Potential Consequences of Climate Variability and
Change for the Nation intends to “provide a detailed understanding of the consequences of
climate change for the nation.” This report argues that the National Assessment will not be able
to provide policymakers and the public with useful information on climate change because of its
reliance on flawed computer climate models. These models, which are intended to describe
climate only on a very large scale, are currently used by the National Assessment to describe
possible scenarios of regional climate change in the U.S. Because current models cannot
accurately represent the existing climate without manipulation, they are unlikely to render
reliable global climate scenarios or provide useful forecasts of future climate changes in regions

of the United States as small as the Midwest, West or South.

The Guide explains how General Circulation Models (GCMs) describe changes in the
complex factors that make up our climate, such as atmospheric changes, interaction of the land,
sea, and air, and the role of clouds in climate. The strengths and weaknesses of climate models
are discussed and the report shows how researchers attempt to answer the important questions

about global warming as they refine their use of GCMs.

The two climate models used in the U.S. National Assessment are then described with
reference to their similarities and differences. The limitations of these models ~ the Canadian
Global Coupled Model and the Hadley Climate Mode! from Great Britain— are outlined with
special emphasis on their inability to provide useful regional scenarios of climate change. The
report concludes with an analysis of how well these two models reproduce the present-day

climate as a benchmark for their ability to reproduce future climate.

Key findings in this report include:
® The utility of current GCMs is limited by our incomplete understanding of the climate
system and by our ability to transform this incomplete understanding into mathematical
representations. It is commeon practice to “tune” GCMs to make them represent current

conditions more accurately, but the need for this manipulation casts serious doubt on their
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ability o predict future conditions. Because all factors are interconnected in climate
modeling, an error in one field will adversely affect the simulation of every other
variable.

e To reduce complexity and computational time, GCMs treat surfaces as uniform and
average the flows of moisture and energy between the land surface and the atmosphere
over large areas. But the extensive variability of the land surface and the effects that
even small-scale changes can have make modeling land-surface interactions quite
difficult.

e The National Assessment itself recognized that both the models that it selected provide a
more extreme climate change scenario than other models that were available and that had
been developed in the U.S.

¢ Both models offer incomplete modeling of the effects of individual greenhouse gases,
including water vapor and atmospheric sulfates. The CGCM! in particular fails to model
sea ice dynamics and offers a simplistic treatment of land-surface hydrology. Predicted
temperature increases over various regions of the United States differ considerably
between the two models; these predictions fail to correspond with observed precipitation
variability and contradict each other.

» In general, the Hadley model simulation is closer to the observed climate in the United
States than the Canadian simulation, although both models produced considerable
differences from observations. This. again, cast serious doubt on the models’ ability to

simulate future climate change.

Conclusion: Given these uncertainties, using the available GCMs to assess the potential for
climate change in specific regions is not likely to yield valid and consistent results. GCMs can
provide possible scenarios for climate change, but at the present level of sophistication, they are
not reliable enough to be used as the basis for public policy. Using GCMs to make predictions

about local climate change in the United States is not legitimate.
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A Layman's Guide to the General Circulation Models
Used in the National Assessment

INTRODUCTION
What is a General Circulation Model (GCM)?

The word "model” usually conjures up images of a miniature replica of a real object.
Model trains, automobiles, and airplanes, for example, are intended to be scale-reduced versions
of the original. Models are judged by their attention to detail, and sometimes functionality, with
respect to their real counterparts and are quite distinct from “toys”, which also are intended to
resemble the original but lack the attention to detail and functionality.

In science, the word "model" has a similar, but broader, meaning. Models can be
physical replicas; for example, a model may be a smaller version of a larger habitat for a given
animal or plant species. A model also, however, can be a working representation of a difficult
concept, such as a model of an atom, for example. In this case, the model is simply a more
useful way to describe and analyze a portion of nature that is only partially understood and
observable. Usually, such models can be described by a set of mathematical equations - some
from fundamental laws, and some empirical - rather than being a true physical replica.

General circulation models (or GCMs) are a further example of the latter definition.
They are not physical reproductions of the earth and its climate system but instead are
mathematical representations of the physical laws and processes that govern and dictate the
climate of the earth. As such, they are computer models - computer programs that are able to
solve the complex interactions among these mathematical equations to derive fields of air
temperature, humidity, winds, precipitation, and other variables that define the earth's climate.
General circulation models are limited both by our understanding of what drives, shapes, and
affects the climate of the earth as well as how the earth’s climate responds to a variety of external
forces -~ in addition to the speed and capabilities of modern-day computers.

The Concept of Space in GCMs

If we were to build a GCM, our first and fundamental decision would be the selection of
the model's concept of space —~ how we choose to physically describe the three-dimensions of the
atmosphere. Here we have two fundamental choices: the model can either be a Cartesian grid
model or it can be a spectral model.

Conceptually, the Cartesian grid climate model is easier to understand and grasp,
although it is less flexible and recently seems to be the less desirable choice among climate
modelers. Consider a set of building blocks that might be toys for a young child. We could
arrange the blocks in the form of a regular lattice where the face of every block is flush against
another block. We could make this wall of blocks several blocks high and several blocks wide.
Thus, each block in the center of the wall is adjacent to six other blocks — one above, one below,
and four adjacent to each horizontal face.
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In a Cartesian grid model, we extend the concept of these building blocks to represent
hypothetical "blocks" of atmosphere, stacked adjacent to and on top of each other in the same
manner we stacked the child's building blocks (Figure 1). Since the earth's surface is a sphere,
however, we extend these blocks around the globe until they reach the blocks on the other end.
Thus, in our climate model, every block has an adjacent partner on each of its four horizontal
faces — our "wall" of blocks extends around the globe and covers the entire earth's surface. The
only edges that exist are the blocks on the bottom and those on the top. Here, however, the
blocks on the bottom are in contact with the earth’s surface and can be used to describe the
interactions between the atmosphere and the land surface. Although the atmosphere really has
no "top” (air simply becomes thinner with height until its density approaches zero), the blocks on
top of our stack can be used to represent the vertical extent of the atmosphere.

Since each block has six faces, we will simply describe (mathematically) the flows of
energy, mass, and other physical quantities between one of our atmospheric boxes and the six
adjacent boxes. We assume that each box is homogeneous; temperature, humidity, and other
atmospheric variables can only vary between boxes and not within a box. Each of these
variables is associated with the location (both horizontally and vertically) of the center of the
box. As the box centers form a lattice or a grid around the earth's surface, the name "Cartesian
grid model" is justified.

A typical Cartesian grid mode! will employ a lattice of approximately 72 boxes by 90
boxes (2%4" of latitude by 4° of longitude) stacked about 15 boxes high. The more boxes that are
employed, more spatial resolution is obtained but at the expense of increased computer time.
This choice of resolution is usually appropriate to allow sufficient spatial variability within a
reasonable amount of computer run time.

By contrast, the spectral model does not use the concept of "boxes” at all but relies on a
framework that is harder to grasp. Imagine a tabletop covered by several sheets of paper stacked
on top of one another. Each sheet represents a different atmospheric layer. Vertically, the
interaction between the layers is similar to the vertical interaction between the boxes that we saw
with the Cartesian grid model. However, the horizontal representation of the field is not
described by interactions among boxes; but rather, it is presented and manipulated in the form of
waves. Just as energy is carried through the ocean in the form of oceanic waves, we can
represent flows of energy and mass along each atmospheric layer using a series of waves having
different amplitudes and frequencies (called spherical harmonics). Although these waves are
difficult to describe, one can think of them as a series of sine and cosine curves (frue really only
in the east-west direction) that, when taken together, can be used to represent the spatial
variability of any field (Figure 2). Grid values, akin to the representation of the Cartesian grid
model. are computed from these waves and the horizontal and vertical resolutions become
commensurate with those of Cartesian grid models.

At the same spatial resolution, spectral models have the advantage in that they can more
easily (or compactly) describe a field than a Cartesian grid model. Thus, computation times are
reduced. Moreover, spatial resolutions can be changed more easily with a spectral model. which
allows for more flexibility and adaptability. Some have argued that Cartesian grid GCMs are
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more satisfactory than their spectral counterparts for a variety of reasons, including the fact that
it is possible for spectral models to violate sore of the fundamental laws of physics (to produce
negative mass, a physical impossibility, for example). This can occur since the use of waves (as
in a speciral model) implies the field must be smoothly varying — a constraint that is often
inappropriate for many atmospheric fields. Precipitation, for example, exhibits significantly
steep spatial gradients, which makes the representation of a precipitation field using smoothly
varying wave patterns very difficult. In 1987, McGuffie and Henderson-Sellers wrote that
Cartesian grid models will, in time, be favored over spectral models owing to increased
computational power and the need to reduce these gradient anomalies associated with spectral
modeling. The computational advantage gained from the use of spectral models over the past
decade, however, led to a proliferation of spectral GCMs, which still represent the majority of
the GCMs used today.

Describing Atmospheric Processes in a GCM

Having chosen our framework for spatial representation, the next step is to describe the
atmospheric processes that govern the earth's climate. First, we must define the equations that
drive atmospheric dynamics — processes that lead to atmospheric motions. We must require that
the model conserve energy, since we know from the first law of thermodynamics that energy
cannot be created nor destroyed. Our GCM also must conserve mass; although Einstein showed
that matter may be converted into energy, that occurrence is insignificant in the atmosphere.
Momentum also must be conserved since an object in motion tends to remain in motion. We
also use the ideal gas law, which states that the pressure of the atmosphere is proportional to
both its density and temperature. There are additional equations that describe more complicated
atmospheric properties that also must be conserved.

Next, we define equations describing the physics of the atmosphere — processes that
describe energy exchanges within the atmosphere. In GCMs, three-dimensional, time-dependent
equations govern the rate of change of atmospheric variables including air temperature, moisture,
horizontal winds and the height for each atmospheric layer, and surface air pressure. These
equations describe, for example, the effect of vertical air motions and absorbed energy on air
temperature, the rate of atmospheric pressure changes with respect to height in the atmosphere,
relationships between aimospheric moisture, cloud formation and condensation/precipitation, and
the interaction between clouds and the energy balance. Clouds can play a key role in the energy
balance of the earth since they reflect incoming energy from the sun, but trap outgoing "heat”
energy from the earth. Thus, modeling of clouds and their effects on the energy and moisture
balances is important to GCM prognostications of climate change scenarios.

Except for the representation and treatment of clouds, all spectral GCMs at this point are
essentially the same, and so too are all Cartesian GCMs. The reason is that there really are not
many ways (only minor variations on the theme exist) to describe the dynamics and physics of
the atmosphere within our chosen spatial framework. Where models within their respective
classes differ substantially is with regard to their modeling of atmospheric interactions with the
earth's surface.
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Modeling Surface Processes in a GCM

The critical component of most GCMs is their treatment of interactions between the
atmosphere and the earth's surface. Oceans, lakes, and other bodies of water provide substantial
amounts of moisture and energy to the atmosphere. Modeling them is important since nearly
three-quarters of the earth is covered by water and the ocean is a fluid -- always in constant
motion. Thus, in addition to the atmosphere, the oceans provide an important mechanism for the
redistribution of energy around the earth. Their circulation must be modeled and the energy and
moisture transfers between the ocean and the atmosphere must be appropriately described. In
addition, much of the world's oceans are saline and quite deep. Interactions between temperature
and salinity (called the thermohaline circulation) are extremely important to the earth's climate
but are not well understood. Moreover, deep ocean water can store atmospheric gasses, o be
released at a much later time when concentration of these gasses is much lower. Modeling of
such processes within a GCM is extremely difficult.

With respect to modeling the oceans, sea ice plays an important role in shaping the earth's
climate. When air temperatures drop below freezing, the surfuce of the ocean may become
frozen, creating a barrier to energy and moisture flows between the ocean waters and the
atmosphere above. In the presence of sea ice, the atmosphere is deprived of moisture and energy
from the relatively warmer waters below, thus causing the atmosphere to become colder and
drier and cause a positive feedback to sea ice formation. Sea ice, however, moves with the
combined forces (often in different directions) of oceanic circulation and surface winds. This
causes sea ice to become broken in some places (called leads) and piled up to form hills and
ridges in others. Thus, sea ice is not uniform and modeling these interactions is exiremely
difficult and not well understood.

But the biggest challenge to GCM modeling is the representation of the interactions
between the atmosphere and the land surfuce. If you take a quick glance around your
environment, you will see that the fand surface is quite heterogeneous -- trees, shrubs, grasses,
roads, houses, streams, erc. often coexist within a single square mile. In our Cartesian grid
GCM, however, our "boxes" are often several hundred miles wide and we must assume that
everything within the box is homogeneous. Spectral GCMs have similar spatiat resolutions and
assume that everything, including the land surface, is smoothly varying. Thus, the sheer nature
of surface heterogeneity makes modeling the land surface within a GCM very difficult.

Couple that now with the fact that interactions between the land surface and the
atmosphere are extremely complex. Plants try to conserve water and so shut down many vital
functions when water supplies run low. However, each plant species behaves differently; for
example, trees have deeper roots than short grasses and, therefore, their access to water is
different. Plant use of water, even in times of ample moisture supply, differs widely among plant
species that, of course, often coexist. Snow and ice cover are dictated by air temperature and
precipitation, but old snow has different characteristics than newly fallen snow. To reduce
complexity, GCMs simply try to simulate the flows of moisture and energy between the land
surface and the atmosphere in the aggregate. But given the extensive heterogeneity of the land
surface and the effects that even small. sub-resolution scale changes can have -- well, to say that
modeling land surface interactions is difficult would be an extreme understatement!
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THE GCMS OF THE NATIONAL ASSESSMENT

Rather than discuss all possible ways in which climate models can represent various
climate-shaping processes, let us focus on the two models used in the United States National
Assessment -- GCMs from the Canadian Centre for Climate Modeling and Analysis and the
Hadley Centre for Climate Prediction and Research. Both models are well documented and
results from and specifications of both models are widely available to the scientific community.
For selection by the National Assessment Synthesis Team (US National Assessment, 2000),
climate models were chosen based on the criteria that the model must:

b be a coupled atmosphere-ocean general circulation model that includes a
comprehensive representation of the atmosphere, oceans, and land surface,
2) include the diurnal cycle of solar radiation to provide estimates of

fluctuations in maximum and minimum air temperature and to represent the
development of summertime convective rainfall,

3) be capable, to the best extent possible, of representing significant aspects of
climate variations (e.g., El Nino/Southern Oscillation),

4) provide the highest practicable spatial and temporal resolution -- about 200
miles in longitude and 175 to 300 miles in latitude -- over the central United
States,

5) allow for an interface with higher resolution regional modeling studies,

6) must be able to simulate the time-evolution of the climate from at least 1900

{beginning of the detailed historical record) to at least 2100 using a well-
documented scenario for changes in atmospheric composition that accounts
for time-dependent changes in greenhouse gas and aerosol concentrations,

7 have resulis that are availabie in time for use in the National Assessment,

8) have been developed by groups participating in the development of the Third
Assessment Report of the IPCC for compatibility and the model must be well
documented, and

9) allow for a wide array of results to be openly provided on the WWW.

Items (1-3) are important in that significant influences on the climate (diurnal cycle,
oceans, land surface, and other processes) are included, although most models now do include
these features and some of the assessments of model performance (e.g., simulation of El
Nino/Southern Oscillation) are tenuous, given our limited understanding of the process. As
expected, the chosen models must afford the highest spatial and temporal resolution (ltem 4) and
their results must be useful for regional-scale modeling applications (Item 5). For simulation
purposes, the model data must be from a trunsient climate simulation (i.e., it allows for changes
in atmospheric constituents over time) that extends both back and forward in time about 100
years from the present (liem 6). Finally, Items (7-9) are purely administrative criteria, although
virtually all modeling groups participate in the IPCC and compatibility with the IPCC really
should not be an issue (Item 8). It was deemed important to include at least two models in the
National Assessment, to provide a more balanced presentation and allow for a spectrum of model
uncertainties and differences. Both the Canadian Centre and Hadley Centre models fit these
criteria.
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The Canadian Climate Centre Model

The Canadian Global Coupled Model (CGCM1), developed by the Canadian Climate
Centre, is a spectrally-based mode! with a spatial resolution of approximately 3.75° of latitude by
3.75° of longitude (about 260 miles by 185 miles over the United States) and ten vertical
atmospheric layers. The ocean mode! coupled to this atmosphere has a spatial resolution of 1.8°
of latitude by 1.8° of longitude (about 125 miles by 90 miles) and twenty-nine vertical layers.
Given the complexity and the importance of modeling the oceans, a higher spatial resolution is
often required by most ocean model components of GCMs. In the oceans, we are interested in
simulating the exchanges of energy and moisture between the ocean and the atmosphere, as well
as simulating the redistribution of energy within the oceans. This redistribution of energy occurs
both horizontally (ocean circulation) and vertically. Vertical motions also aflow for heating and
cooling of the deeper ocean waters and their absorption of greenhouse gases. This, of course, is
immensely important in a proper simulation of the earth's climate.

Because the ocean responds to different spatial and temporal scales than those which
drive atmospheric processes, coupling an ocean model to an atmospheric GCM is a complicated
task. Often, the modeling of energy and moisture exchanges results in values that are completely
unreasonable -- they differ considerably from observations. To rectify such conditions, GCMs
often resort to a "flux-adjustment” of ocean-atmosphere interactions; that is, they force the
exchanges of heat and moisture between the simulated oceans and the simulated atmosphere to
meet prescribed distributions. This flux-adjustment process is used to dictate that the coupled
model correctly simulates the oceanic circulation of salinity and temperature (ie., the
thermohaline circulation). In the case of the CGCMI, the model is flux adjusted.

Sea ice modeling is even more tenuous than ocean modeling, but certainly as important,
Many models incorporate both the formation and movement of sea ice (dynamics) as well as
their inhibition of the exchange of heat and moisture between the ocean and the atmosphere
(thermodynamics). In the case of the CGCMI, the thermodynamics are modeled, but sea ice
dynamics are not. Seasonal distributions of sea ice are prescribed to be consistent with seasonal
observations.

Equally difficult is the modeling of land surface interactions -- exchanges of energy and
moisture between the atmosphere and the vegetation/soil surface. Land surface models can be
highly simplistic, where the surface color, temperature, and moisture characteristics correspond
to average conditions and variations. In such formulations, the land surface hydrology is
modeled by what is termed the “bucket method”. Soil water is held in a theoretical "bucket” --
water can be put into the bucket (through precipitation) and removed from the bucket (through
evaporation and plant transpiration). A simple resistance function models the rate of water
removal from the bucket by plant water usage and soil evaporation. The bucket has a finite
depth, so that when precipitation overflows the bucket, the excess moisture becomes streamf{low
(although streamflow is not directly modeled). Land surface components of GCMs can be quite
complex, however, where interactions between plants and their responses to changing
atmospheric and soil moisture conditions are modeled. Within the CGCMI, the land surface
hydrology is modeled by a modified bucket method. Seasonal and diurnal fluctuations in solar
energy are usually included in most models used today; this is true as well for the CGCM1.
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Atmosphere chemistry in some GCMs, and in the CGCM! in particular, is treated in a
rather crude manner. Time-varying effects of individual greenhouse gases (e.g., carbon dioxide,
methane, chlorofluorocarbons, nitrous oxide, and ozone) are not modeled; but rather, temporal
increases in a single greenhouse gas -- carbon dioxide -- are used as a surrogate. Here, the
assummption is that atmospheric greenhouse gas concentrations will increase 1% (compounded)
per year until 2100. In other models, the individual effect of each greenhouse gas is considered
separately. In addition to greenhouse gases, changing concentrations of sulfate aerosols also are
important to modeling climate change. Aumospheric sulfates, large sulfur-based particles
suspended in the atmosphere, originating from both anthropogenic and natural sources, are
widely believed to reflect incoming solar energy, thereby diminishing the potential global
warming signal. Although the chemistry can be complex, some models attempt to simulate their
direct effects and changes in aerosol concentrations over time. The CGCMI, however, simply
models aerosols as a change (increase) in the reflectance of solar energy reaching the surface of
the earth, without modeling the actual dynamics and properties of sulfate aerosols.
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The Hadley Centre Model

By contrast with the CGCM1, the Hadley Climate Model (HadCM2), developed by the
Hadley Centre for Climate Prediction and Research of the United Kingdom Meteorological
Office, is a Cartesian grid model with a spatial resolution of approximately 2.5° of latitude by
3.75° of longitude (about 175 miles by 185 miles over the United States) and nineteen vertical
atmospheric layers. Tts coupled ocean model has the same horizontal resolution with twenty
vertical layers and also is flux-adjusted. In the HadCM2, sea ice dynamics are modeled, as well
as their influence on the exchange of heat and moisture between the ocean and the atmosphere.
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The HadCM2 uses a more sophisticated approach to modeling land surface hydroiogy.
Several soil layers are used and the flow of moisture between these soil layers (through
percolation downward through the soil) is modeled. The model provides a more detailed and
specific treatment of the plant canopy, including the area of ground covered by leaves and the
response of the leaves to water stress. Both seasonal and diurnal cycles of solar energy
variations are incorporated into the model.

As with the CGCMI, the HadCM2 GCM applies the same modeling strategy for the
treatment of atmospheric chemistry. Temporal increases in carbon dioxide only are specified.
Individual effects of other greenhouse gases such as methane, nitrous oxide, and ozone, for
example, are not modeled but are incorporated into the effects of a change in carbon dioxide.
Atmospheric sulfates are modeled only as a change in the surface reflectance of solar energy
(albedo) while their actual dynamics and the individual properties are not included. This is
consistent with the formulation used by the CGCMI.

For a doubling of atmospheric carbon dioxide concentrations, the response of the
HadCM2 is an increase in the globally averaged air temperature of 2.6°C (4.7°F). Over the
United States, the model simulates increases of from 1° to 3°C (1.8° to 5.4°F) over the eastern
third of the nation and increases from 1° to 4°C (1.8° to 7.2°F) over the western two-thirds.
Precipitation is modeled to increase in the western and eastern thirds of the nation during winter
while changes in winter precipitation in the central Great Plains and summer precipitation
everywhere is mixed (both increases and decreases are observed).

Table 1: Comparison between the Canadian Climate Centre Model (CGCM1)
and the Hadley Centre Model (HadCM?2).
Variable CGCM 1 HadCM?2
Atmospheric Model
North-South Resolution 3.75° (about 260 miles) | 2.5° (about 175 miles)
East-West Resolution 3.75° (about 185 miles) | 3.75° (about 185 miles)
Vertical Resolution 10 layers 19 layers
Oceanic Model Flux Adjusted Flux Adjusted
North-South Resolution 1.8° (about 125 miles) 2.5° (about 175 miles)
East-West Resolution 1.8° (about 90 miles) 3.75° (about 185 miles)
Vertical Resolution 29 layers 20 layers
Land Surface Hydrology Modified Bucket Method | Detailed Plant Canopy
Seasonal Solar Cycle Yes Yes
Diurnal Solar Cycle Yes Yes
Treatment of Carbon Dioxide Carbon Dioxide
Multiple Greenhouse Gases Used as a Surrogate Used as a Surrogate
Treatment of Change in Surface Change in Surface
Atmospheric Aerosols Reflectance Only Reflectance Only
Equilibrium Change for a 3.5°C (6.3°F) 2.6°C (4.7°F)
Doubling of Carbon Dioxide
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THE UTILITY AND LIMITATIONS OF GCM SCENARIOS

Limitations in climate modeling

GCMs are designed to be descriptions of the full three-dimensional structure of the
earth's climate and often are used in a variety of applications, including the investigation of the
possible role of various climate forcing mechanisms and the simulation of past and future
climates. Given what we have seen regarding the abilities of GCMs, it appears that such models
have the potential to simulate accurately changes in the real climate. However, we must
remember several important issues. First, GCMs are limited by our incomplete understanding of
the climate system and how the various atmospheric, land surface, oceanic, and ice components
interact with one another. But in addition, GCMs are further limited by our ability to transform
this incomplete understanding into mathematical representations. We may have a general feel
for the complex interrelationships between the atmosphere and the oceans, for example, but
expressing this understanding in a set of mathematical equations is much more difficult. Second,
GCMs are limited by their own spatial and temporal resolutions. Computational complexity and
finite restrictions on computing power reduce GCM simulations to coarse generalities. As a
result, many smali-scale features, which may have significant impact on the local, regional, or
even global climate, are not represented, Thus, we must recognize that GCMs, at best, can only
present a gross thumbnail sketch. Regional assessments over areas encompassing many GCM
grid cells are the finest scale resolution that can be expected. It is inappropriate, and grossly
misleading, to sefect results from a single grid cell and apply it locally. It cannot be over
emphasized that GCM representations of the climate can be evaluated at a spatial resolution no
finer than large regional areas, seldom smaller than a region defined by a square a thousand
miles (at least several GCM grid cells) on a side. Even the use of "nested grid models” (models
which take GCM output and resolve it to finer scale resolutions) does not overcome this
limitation since results from the GCM simulation drives such models and no mechanism is
available to feedback the results of such finer-scale models to the GCM.

A third limitation in GCMs is that given the restrictions in our understanding of the
climate system and its computational complexity, some known phenomena are simply not
reproduced in climate models. Hurricanes and most other forms of severe weather (e.g..
nor'easters, thunderstorms, and tornadoes) simply cannot be represented in a GCM owing to the
coarse spatial resolution. Other more complex phenomena resulting from interactions among the
elements that drive the climate system may be limited or even not simulated at all. Phenomena
such as E! Nind and La Nind, the Pacific Decadal Oscillation, and other complex
interrelationships between the ocean and the atmosphere, for example, are inadequately
reproduced or often completely absent in climate model simulations. Such indicators should be
flags that something fundamental is lacking in the GCM. These phenomena should be produced
in the model as a result of our specification of climate interactions and driving mechanisms: their
absence indicates a fundamental flaw in either our understanding of the climate system, our
mathematical representation of the process, the spatial and temporal limitations imposed by finite
computational power, or all three of the above.

An assessment of the efficacy of any climate model, therefore, must focus on the ability
of the model to simulate the present climate conditions. If a model cannot simulate what we
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know to be true, then it is unlikely that model prognostications of climate change are believable.
However, a word of caution is warranted. It is common practice to "tune” climate models so that
they better resemble present conditions. This is widely acceptable, because many parameters in
GCMs cannot be specified directly and their values must be determined through empirical trial-
and-error. However, this raises the concern that a GCM may adequately simulate the present
climate, not because the model correctly represents the processes that drive the earth's climate;
but rather, because it has been tuned to do so. Thus, the model may appear to provide a good
simulation of the earth's climate, when in fact the model may poorly simulate climate change
mechanisms. In other words, a GCM may provide an adequate simulation of the present-day
climate conditions, but it does so for the wrong reasons. Model efficacy in simulating present-
day conditions, therefore, is not a guarantee that model-derived climate change scenarios will be
reasonable. To address this question, modelers often employ simulations of past climates, such
as the Holocene or the Pleistocene, to see if the model provides the kind of climate that we can
infer existed during such epochs. Of course, our knowledge of pre-historical climate conditions
is tenuous and extremely crude, which limits the utility of such evaluations.

A final limitation in climate modeling is that in the climate system, everything is
interconnected. In short, anything you do wrong in a climate model will adversely affect the
simulation of every other variable. Take precipitation, for example. Precipitation requires
moisture in the atmosphere and a mechanism to cause it to condense (causing the air to rise over
mountains, by surface heating, as a result of weather fronts, or by cyclonic rotation). Any errors
in representing the atmospheric moisture content or precipitation-causing mechanisms will result
in errors in the simulation of precipitation. Thus, GCM simulations of precipitation will be
affected by limitations in the representation and simulation of topography, since mountains force
air to rise and condense to produce orographic (mountain-induced) precipitation (e.g., the coastal
mountain ranges of Washington and Oregon). Incorrect simulations of air temperature also will
adversely affect the simulation of precipitation since the ability of the atmosphere to store
moisture is directly related to its temperature. If winds, air pressure, and atmospheric circulation
are inadequately represented, then precipitation will be adversely affected since the atmospheric
flow of moisture that may condense into precipitation will be incorrect. Plant transpiration and
soil evaporation also provide moisture for precipitation; therefore, errors in the simulation of soil
moisture conditions will adversely affect the simulation of precipitation. Simulation of clouds
solar energy reaching the ground will affect estimates of surface heating which adversely affects
the simulation of precipitation. Even problems in specifying oceanic circulation or sea ice
concentrations will affect weather patterns, which affect precipitation simulations. In sum, the
simulation of precipitation is adversely affected by inaccuracies in the simulation of virtnally
every other climate variable.

However, inaccuracies in simulating precipitation, in turn, will adversely affect the
simulation of virtally every other climate variable. Condensation releases heat to the
atmosphere and forms clouds, which reflect energy from the sun and trap heat from the earth’s
surface -- both of which affect the simulation of air temperature. As a result, this can affect the
simulation of winds, air pressure, and atmospheric circulation. Since winds drive the circulation
of the upper layers of the ocean, the simulation of ocean circulation also is affected. Air
temperature conditions also contribute 10 the model simulation of sea ice formation, which would
be adversely affected. Precipitation is the only source of soil moisture; hence, inadequate



120

simulations of precipitation will adversely affect soil moisture conditions and land surface
hydrology. Vegetation also responds to precipitation availability so that the entire representation
of the biosphere can be adversely affected. Clearly, the interrelationships among the various
components that comprise the climate system make climate modeling difficult. Keep in mind,
however, that it is not just the long-term average and seasonal variations that are of interest.
Demonstrating that precipitation is highest over the tropical rainforests and lowest in the
subtropical deserts is not enough. Climate change is likely to manifest itself in small regional
fluctuations. Moreover, we also are interested in intra-annual (year-to-year) variability. Much of
the character of the earth's climate is in how it varies over time. A GCM that simulates
essentially the same conditions year after year clearly is missing an important component of the
earth's climate. Thus, the evaluation of climate change prognostications using GCMs must be
made in light of the model's ability to represent the holistic nature of the climate and its
variability. Interestingly, the National Assessment admits, "results suggest that the GCMs likely
do not adequately include all of the feedback processes that may be important in determining the
long-term climate” (United States National Assessment, 2000:23).

It should be noted that GCMs are not weather prediction models. Their utility is not in
predicting, for example, whether it will rain in southern England on the morning of July 14,
2087. Rather, we are interested in determining whether the probability of precipitation will be
substantially different from what it is today -- in both the frequency and intensity of precipitation
events. In general, we want to know whether the summer of 2055 is likely to be warmer or
colder than present conditions, and by how much. As such, GCMs are only used appropriately to
address the likelihood of changes over large spatial and temporal scales -- assessing changes for
specific dates or locations is beyond the scope of GCM utility.

How the National Assessment employs models

In the United States National Assessment, three approaches are used to determine the
anthropogenic effects of climate change. The first approach is to examine the historical record,
back to the late 1800s, to look for trends or changes that might possibly be linked to human
sources. Unfortunately, the climate record reflects not just changes linked to anthropogenic
activities, but a whole host of fluctuations caused by natural sources and uncertainties induced by
changes to the instrumentation, station network and its environment, efc. The second approach is
to use "sensitivity/vulnerability analysis" -- address the degree of change required to cause
significant impacts in areas of critical human concern and its probability of occurrence. Such
speculations are based, in large part, on the results of analysis from both the historical record and
model prognostications.

Our focus here is on the third approach used in the National Assessment —- the use of
climate models (GCMs in particular) to assess the potential for anthropogenic climate change.
While GCMs provide quantitative assessments of such changes (i.e., they assign numerical
values to changes and their probabilities), the limitations discussed above can lead to some
skepticism of such assessments. In particular, we need to pay close attention to the uncertainties
or “error bars” associated with the numbers generated by the models. Indeed, the Draft of
Chapter 1 of the National Assessment indicates that GCMs are not perfect predictors of future
climates, but argue that they "can be used to provide important and useful information about
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potential long-term climate changes over periods of up to a few centuries on hemispheric scales
and across the [United States], but care must be taken in interpreting regionally specific and
short-term aspects of the model simulations” (US National Assessment, 2000:23). Although the
National Assessment goes on to highlight all of the caveats associated with the use of model
projections, model results are nevertheless shown in high resolution and without assessment of
uncertainties, which allows many results gleaned from the models to transcend these caveats and
concerns.

In the National Assessment, as well as in most modeling applications, GCM estimates of
climate change scenarios are developed by taking the difference between the model simulated
change and the model representation of the present climate conditions. For example, if the
model simulated a present climate of 10°C (30°F) that was to change to 15°C (59°F) under a
given climate change scenario, then the climate change prognostication would be for an increase
of 5°C (9°F). For precipitation, the rate is computed as a percentage, not as a difference; thus, if
for the present climate, we have a precipitation rate of 4 mm per day that changes to 6 mm per
day under climate change, the climate change prognostication would be for an increase in
precipitation of 50%. Note that the observed values are not used -- thus, it is important that the
model be compared to the observations to determine how reasonable these changes might be.

Limitations in interpreting results from the models used in the National Assessment

1t is laudable that the National Assessment considered more than a single model although
it is recognized that the evaluation of too many models would have become unwieldy. Itis also
was significant that the two models be of different type -- one a spectral GCM and the other a
Cartesian grid GCM. As previously discussed, and as pointed out in Chapter 1 of the National
Assessment, interpretation of the results from these two models must be accompanied by a great
deal of care, owing to the inherent limitations in applying the results from GCM simulations. In
particular, however, the choice of the two models recommended for use in the National
Assessment, namely, the Canadian Climate Centre (CGCM1) and Hadley Centre (HadCM2)
models is rather odd. It is widely recognized, and even mentioned by the National Assessment,
that the CGCMI provides a more extreme climate change scenario than other models that were
considered but not used. To a large extent, this same criticism holds for the HadCM2 as well. It
also is particularly intriguing that neither of the two selected models was developed by a group
within the United States, especially when viable alternatives exist.

In part, the extreme scenarios developed by these two models result from the use of
overly simphistic formulations of key model components. For example, the CGCM! has the
simplest treatment of land surface hydrology of all models considered; namely, a bucket model
for soil moisture. Other models use a soil layer model with an explicit treatment of vegetation
interactions. It has been widely demonstrated that bucket models overly simplify and grossly
bias the representation of the hydrological cycle. Since precipitation, soil evaporation, and plant
transpiration are components of not only the water balance, but the energy balance as well, such
simplistic treatments greatly undermine the ability of the model to represent the climate. It is
surprising that the National Assessment used a model employing such a simplistic treatment of
land surface hydrology, particularly in light of the fact that clearly better alternatives exist.
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With respect to sea ice models, the CGCM1 has the most simplistic treatment of all the
models considered -- it lacks a dynamic component that other models possess. Although sea ice
modeling is very difficult, a proper sea ice model is important to simulate the fluxes of energy
and moisture between the atmosphere and the ocean at high latitudes. Since virtually all models
indicate the greatest response of air temperature by greenhouse gas forcing will occur in the high
latitudes, selection of a model that incorporates an inferior sea ice component is extremely
puzzling. This is likely to overemphasize the effect of high latitude warming, which, in part,
may be a major reason why prognostications of the CGCM1 are on the extreme side.

Furthermore, the CGCM Idoes not treat all greenhouse gases independently (the effect of
them is lumped into an “effective” CO, surrogate) and includes the effect of atmospheric
aerosols only changing the surface reflectance of solar energy. Given the potential importance of
sulfur masking/mitigation of the anthropogenic greenhouse gas change signal, and decreasing
concentrations of methane, this overly simplistic treatment may overstate the effect of such an
important component of the anthropogenic global warming issue.

In considering the effect of greenhouse gases, it must be remembered that the most
important greenhouse gas is not carbon dioxide, but water vapor. As we saw earlier, treatment of
the oceans and, in particular, the land surface hydrology play an important role in determining
correct levels of atmospheric humidity. Inaccuracies in precipitation rates also adversely affect
atmospheric concentrations of water vapor. But couple this with the fact that the two models
tend to provide estimates of surface air temperatures that are several degrees too cold. Since the
amount of water vapor in the air at a relative humidity of 100% (saturated conditions) increases
exponentially with increasing air temperature, the atmospheric moisture content is likely to be
underestimated by a cold model. Water vapor has a relatively high specific heat -- meaning it
takes more energy to raise the temperature of 2 water vapor molecule. Dry air is easier to warny;
hence it is easier to achieve warming in a model that starts out with less water vapor in ifs
atmosphere.  Furthermore, it takes energy to evaporate water -- energy that with a drier
atmosphere would contribute to additional warming.
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Earlier it was mentioned that it is important to evaluate the efficacy of the GCMs with
respect to their ability to reproduce the present-day climate. Doherty and Mearns (1999) have
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provided a comparison of historical simulations of the two models used in the National
Assessment against observational data. In general, they conclude that both models have
significant problems in their representation of topography -- the western United States is
represented simply as one large hill beginning at sea level along the West coast and descending
into the Great Plains. This problem manifests itself in cold and wet biases over the Rocky
Mountains. When these problems with topography are coupled with the high spatial variability
and the coarse spatial resolution of the models, results of climate change scenarios for detailed
regions in the western United States is, in their words, "highly questionable”. In general, the
HadCM2 simulation is closer to the observed climate than that of the CGCM1, although both
models exhibit considerable differences from the observations. They conclude, “researchers
should exercise extreme caution in the conclusions they draw from impacts analysis using the
output from these climate models, given the uncertainty of the model results, especially on a
regional scale."”

With regard to air temperature, Doherty and Mearns (1999) mapped the differences
between the model mean climatology and an air temperature climatology developed by Legates
and Willmott (1990b). In addition to the overall cold bias of both models, Doherty and Mearns
found that air temperatures over the northern United States and Canada differ from the
observations by as much as 12°C (21.6°F)! Topographically induced underestimates in air
temperature are obvious in both models over the Rocky Mountains. In the central Plains, both
models overestimate air temperature by up to 6°C (10.8°F) in summer, which is likely to
overestimate summer drying, leading to an overestimate of drought frequency. Overall, both
models exhibit similar patterns of biases in air temperature with warmer-than-observed
conditions in winter and autumn in the northern United States and colder-than-observed
conditions in the western United States in all seasons. Both models make the central United
States too warm in summer and autumn.

Precipitation is difficult to simulate in a GCM, owing to the interrelationships among
other climate variables noted earlier. In addition, precipitation mechanisms occur at scales well
below the spatial and temporal resolution of most GCMs, the precipitation forming process is not
fully understood, and numerical instabilities may arise with small amounts of moisture. Doherty
and Mearns (1999) also mapped differences between the model mean climatology and a
precipitation climatology developed by Legates and Willmott (1990a). As with air temperature,
considerable overestimates exist over the Rocky Mountains in both models as a direct result of
their inadequate representation of topography -- differences are as much as 6 mm day™ (7.1
inches per month) are observed in parts of the Rocky Mountains. Note that this is twice the
mean monthly precipitation in some areas! Overestimates also are observed in the northeastern
United States in spring and summer by as much as 3 mm day™ (3.5 inches per month) while
precipitation in the southeastern United States and lower Mississippi River Basin during winter
and summer is underestimated by as much as 3 mm db\y‘l (3.5 inches per month). Both models
exhibit similar patterns of biases, although the regions of bias tend to be somewhat smaller in the
HadCM2.

One conclusion of the National Assessment is of an enhanced hydrologic cycle over the
United States -- increased precipitation variability and storminess. The ramifications are
obvious; more floods and droughts will increase the potential losses and uncertainty of our future
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world. However, is this a rational conclusion? Karl e al. (1997) noted, “Variability in much of
the Northern Hemisphere's midlatitudes has decreased as the climate has become warmer. Some
computer models also project decreases in variability.” This seems to be in direct opposition to
the claims of both the Intergovernmental Panel on Climate Change (IPCC) and the National
Assessment. Hayden (1999), in a paper written for and presented at a national conference to
discuss the content of the National Assessment (and later published in a refereed journal),
indicated that the observations show “there has been no trend in North America-wide storminess
or in storm frequency variability found in the record of storm tracks for the period 1885-1996 ...
1t is not possible, at this time, to attribute the large regional changes in storm climate to elevated
atmospheric carbon dioxide.” With regard to the model projections, he states, “[Model]
projections of North American storminess shows no sensitivity to elevated carbon dioxide. It
would appear that statements about storminess based on [model] output statistics are
unwarranted at this time. ... It should aiso be clear that little can or should be said about change
in variability of storminess in future, carbon dioxide enriched years.” Sinclair and Watterson
(1999) further go on to conclude that for areas such as the United States, “doubled CO? leads to
a marked decrease in the occurrence of intense storms.” Both in general and in particular, GCMs
do not exhibit an enhancement of the hydrologic cycle; nevertheless, the National Assessment
decided to ignore this fact.

Concluding statements

In light of our discussion, climate models should be thought of as useful tools to assess
our understanding of the climate system and to examine interrelationships among various
components of the climate system. At present, and at least into the near foreseeable future, the
uncertainties associated with model simulations make their projections only a single possible
scenario, at best. Historically, assessments of climate change have steadily become less extreme
as more climate feedback mechanisms are included in the models. Overall, it appears that
anthropogenic climate change estimates are still uncertain (given the discrepancies between most
models) and, when coupled with the slower-than-predicted warming present in the historical
record, the true climate changes are likely to be at or below the lowest model estimates, with
some of these changes having potentially beneficial effects.

Table 2: Selected projections from the Canadian Climate Centre Model (CGCM1) and the
Hadley Centre Model (HadCM2) over the United States by 2030 (taken from Doherty
and Mearns, 2000)

Air Temperature

Winter Summer

Eastern Central Western Eastern Central Western

CGCM1 0°102°C 2° 10 4°C 2°t04°C 1°103°C 1°to 3°C 1°to 3°C

HadCM2 1°t0 3°C 1°t04°C 1°to 4°C 0° 10 1°C 0°10 3°C 1°1t02°C

Precipitation (in mm per day)

Winter Summer

Eastern Central Western Eastern Central Western

CGCM1 | 201000 | -20t00.0 | 0.010+3.0 | -1.0t0 +0.5 | -1.010+0.5 | -0.5 t0 +0.5

HadCM2 | 00t0+1.0 [ -0.5t0+1.0| 0010420 {-05t0+1.0} -0.5t0+1.0|-0.5t0+1.0
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RESPONSES OF DR. DAVID R. LEGATES, TO ADDITIONAL QUESTIONS FROM
SENATOR JEFFORDS

Question 1. As you and all the other witnesses indicated, it is not safe to continue
increasing greenhouse gas emissions without limit. What needs to be done to assure
that we can avert the point of no return or “dangerous levels” of green house gas
concentrations?

Response. In response to your question, I would ask, “What are ‘dangerous levels’
or the ‘point of no return’?” I do not think there is a definition of dangerous levels
of carbon dioxide in this context—we are not anywhere near levels of carbon dioxide
that would inhibit our ability to extract sufficient oxygen from the atmosphere.
Given too that many actions to reduce or eliminate greenhouse gas production are
concomitant with additional problems, I do not see that I can define a level beyond
which we cannot pass.

My suggestion would be that we should seek to reduce the production of green-
house gases where there clearly is another benefit to the reduction. For example,
less reliance on foreign sources of fossil fuels would be beneficial to our national se-
curity and if they could be replaced by conservation, enhanced efficiency, and/or
‘cleaner’ sources, then less greenhouse gases would be produced. Thus, I am in favor
of technology that reduces emissions of greenhouse gases as a by-product; but I
strongly argue that reduction of greenhouse gases for reduction sake is not cost ef-
fective or, in many cases, even potentially beneficial.

Question 2. What do you think is the greatest risk, in the next 30-50 years, of
continuing to increase human-made greenhouse gas emissions? And, what is the
most feasible way to reduce or eliminate that risk?

Response. To be able to define risk, one must be able to ascertain solid evidence
of the effect of our actions. At present, we can neither determine the effects of an-
thropogenic increases in greenhouse gases nor guarantee that all effects will be det-
rimental. Most arguments in favor of reducing emissions are that if there is an im-
pact, it must be detrimental because change is always bad. Over the last 1,000
years, we have seen climate change dramatically—from the Medieval Warm Period
to the Little Ice Age to the warmer period we now enjoy. During those periods, civ-
ilization has adapted to that change and I do not see why adaptation to a globally
warmed world cannot be considered. Moreover, I remain unconvinced that (1) global
climate change will be detrimental to either humans or ecosystems as a whole or
(2) that it will be as significant as climate models purport that change will be.

Personally, I feel that the greatest risk we face in the next 30-50 years as a result
of the atmosphere will come from extreme weather events. Floods, droughts, heat
waves, cold spells, and storms from hurricanes to nor’easters to flash flooding to
lightning and high winds to tornados will take the most lives and cause the most
economic damage. We will still be forced to face these extreme weather events re-
gardless of what climate change scenario plays out. Thus, in keeping with my ear-
lier Senate testimony, the most feasible way to reduce our risk from climate change
is to develop strategies to mitigate the effects of extreme weather events. Forward-
looking efforts such as the Delaware Environmental Observing System (DEOS) that
is supported by the State of Delaware will yield benefits now and in the future—
especially if global warming results in an increase in the frequency and intensity
of these extreme weather events (a scenario that is not supported by current re-
search, however). I would argue that money spent toward disaster mitigation (edu-
cation, evacuation, and minimization of the impact) would be much better utilized
than money spent toward the reduction of greenhouse gas emissions.

RESPONSES OF DR. DAVID R. LEGATES, TO ADDITIONAL QUESTIONS FROM
SENATOR SMITH

Question 1. Dr. Rowland testified that “during the 20th Century, the atmospheric
concentrations of a number of greenhouse gasses have increased, mostly because of
the actions of mankind.” Do you agree with that statement? Why or why not?

I do not think this statement is debatable. We know that many industrialized ac-
tivities emit carbon dioxide, methane, and other greenhouse gases either as a direct
result (e.g., burning fossil fuels) or an indirect result (e.g., cattle feedlots which in-
crease methane production) of human activities. Virtually all long-term measure-
ments of greenhouse gases (most notably in Hawaii and Antarctica) have exhibited
an increase in these gases as industrialization has occurred. Thus, the rise in con-
centrations of these gases is well documented and we have explicit anthropogenic
sources for the rise in their concentrations.
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Question 2. Dr. Pielke testified that “the primary cause for . . . growth in impact
is the increasing vulnerability of human and environmental systems to climate vari-
ability and change, not changes in climate, per se. “ Do you agree with this claim?
Why or why not?

Response. Whether climate change occurs or not is largely irrelevant, what is rel-
evant is the impact climate change is likely to have on ecosystems and human ac-
tivities. In some sense, to state that we are increasingly vulnerable to climate varia-
bility and change is to recognize that an increasing population base is more likely
to be vulnerable to a change of any kind. Thus my answer is a qualified “I agree”,
with a caveat that a definition of “increasing vulnerability” must be provided. I do
not agree that all climate change must necessarily be bad, nor do I agree that
human and environmental systems cannot adjust to climate change.

Question 3. Dr. Pielke also stated that “the present research agenda is focused
. . improperly on prediction of the distant climate future” and that “instead of ar-

guing about global warming, yes or no . . . we might be better served by addressing
things like the present drought . . . “ Do you agree with that proposition? Why or
why not?

Response. In my testimony, I argued that both human and environmental systems
are most vulnerable to climate extremes—floods, droughts, heat waves, cold out-
breaks, and severe weather. Debating whether the temperature will rise 1.5°C or
4°C is academic; what will claim the most lives and provide the greatest economical
damage are the extreme events. That is why in my testimony I focused on whether
research indicates climate extremes are likely to change. Since we cannot state with
any certainty that a future, warmed world is likely to exhibit any higher frequencies
of extreme weather events, our focus therefore is better placed on efforts to prepare
and warn our citizens for these extreme events. That was essentially a conclusion
of my testimony.

As for a discussion of the present drought, a quest for the cause for the drought
is an academic exercise. Regardless of the cause, I can guarantee that we will have
droughts again in the future. Thus, we would be better served by addressing how
we can better manage our existing water resources in the future, than in focusing
on whether drought frequency is likely to change in the future.

Question 4. Do you believe we should fully implement the Kyoto Protocol? Do you
agree with the assertion that full implementation of the Kyoto Protocol would only
ave;t the expected temperature change by 6/100 of a degree, Celsius? Why or why
not?

Response. As it exists, I would agree that the Kyoto Protocol should not be ratified
by the United States. In ignoring obvious sources of greenhouse gas emissions from
developing countries and in focusing on a system of “credits”, it appears to be more
of a political “we’re doing something” statement rather than an attempt to address
the true issue. In my testimony, I cited an American Viewpoint survey of State and
regional climatologists who agreed by nearly a 2-to-1 margin that going back to
1990 emission levels (a more stringent approach than Kyoto) would have little or
no impact on global warming. I agree with the majority of these climatologists and
note that such measures are likely to have dire economic consequences for virtually
no return on the climate change issue. Thus, I would argue that a better approach
would be one that reduces emissions where other benefits outweigh the climate
change concern and one that allows us to cope with extreme weather events.

I also do not agree with a modified Kyoto Protocol where restrictions in green-
house gas emissions are relaxed in times of an economic downturn. All this would
do is ignore climate change when the economy is bad and enact restrictions to
squelch a booming economy. The Kyoto Protocol, in my view, is bad for the United
States economy while doing virtually nothing to the climate. It is a system that
should be abandoned and not tweaked.

Question 5. Since the hearing there has been much press attention paid to the
breakup of the Antarctic Ice Sheet, especially a 500-billion ton iceberg known as
“Larsen B, “ that has been attributed to climate change. What scientific evidence
is there that climate change is the sole cause for the phenomenon? Is there any sci-
entific evidence that anthropogenic influences bore any role in the breakup of
Larsen B?

Response. There is no scientific evidence that climate change is the sole cause for
the phenomenon. The hydrology of Antarctica is one of mass balance. In most of the
United States, it snows and the snow melts, eventually. But the temperature of Ant-
arctica is so cold that it does not melt, and subsequent yearly snowfall is added to
the snow that already exists. This snowpack becomes compressed and forms ice,
which slowly migrates out to the ice shelves over the oceans. Due to the topography,
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ice breaks off rather frequently forming the traditional icebergs that we find in the
North Atlantic, for example. But in Antarctica, the ice extends over water until it
becomes fragile and breaks off. Thus, calving (breaking off) of icebergs is a relatively
common event.

Before satellites, we did not have frequent observations of Antarctica. Thus, we
do not know how frequent icebergs of this size form. With satellites, we are able
to see them when they occur but our limited observational period precludes an as-
sessment of the frequency of occurrence. Given though that it is a natural process,
I cannot agree that climatic change is the sole cause. However, winds over the
Southern Ocean during El Nifo events are diverted southward over the Antarctic
Peninsula. Researchers have noted that sea ice decreases during this time, which
allows winds to pound surf against the ice sheet resulting in weakening of the struc-
ture. This may be a reason why large breakups of the Larsen Ice Sheet has occurred
during major El Nino events.

Prescribing anthropogenic assistance to the breakup of Larsen B is extremely dif-
ficult. How is it possible to know whether anthropogenic influences provided any as-
sistance in the breakup of Larsen B? Although I am not a supporter of them, we
could turn to climate models for assistance. Assuming that climate models provide
our best assessment of climate change effects, I note that in the latest analysis of
the National Center for Atmospheric Research (NCAR) model (Dai et al., Journal
of Climate, February 2001) that near the Antarctic Peninsula (where Larsen B is
located), a change of less than 1°C is shown for the climate of 2100. This value is
the least amount of any change anywhere over the Southern Ocean. So, I think it
would be fair to say that climate models indicate little climate change for this re-
gion, which leads me to conclude that little scientific evidence exists that anthropo-
genic influences played a substantial role in the breakup of Larsen B.

Question 6a. Included in the hearing record as part of my opening statement was
a Swiss Re report titled “Climate research does not remove the uncertainty; Coping
with the risks of climate change” (copy attached). Please explain why you agree or
disagree with the following assertions or conclusions from that report: There is not
one problem but two; natural climate variability and the influence of human activity
on the climate system.

I would agree that there are two issues that must be considered when trying to
assess causes for climate change—natural climate variability and anthropogenic ef-
fects. In that sense, I would agree. However, the article postulates that we need to
avert anthropogenic influences on the climate (problem #1), while simultaneously
preparing for unexpected extreme weather occurrences (problem #2). I agree whole-
heartedly with arguments to offset the second proposed problem. However, science
has not determined the extent, either in magnitude or in effect, of the anthropogenic
influence. In that light, how can we determine risk if we do not have solid evidence
of the effect of our actions? Their argument seems to be that if there might be an
impact, it will be detrimental because change is always bad and therefore the
change must be averted. Environmental systems have adapted to change for eons
and the human journey has been to both cause change (usually for the better) and
adapt to changes. Their “global climate protection” is “to avoid anthropogenic inter-
vention in the natural climate system when potential consequences cannot be fore-
seen.” Since science cannot ascertain the consequences, we must avert all possible
changes. But taken literally, it is impossible to remove all human influences on the
climate—cities must be eliminated, we must go back to a pre-industrial revolution
age, etc. Good risk strategy is not to avoid all change at all costs; but rather to as-
sess the effects of such change and outweigh the bad with the good.

Question 6b. “. . . it is essential that new or at least wider-ranging concepts of
protection are developed. These must take into account the fact that the maximum
streélgthdand frequency of extreme weather conditions at a given location cannot be
predicted.”

This statement is the crux of my Senate testimony. We need to be more concerned
with protecting ourselves from extreme weather conditions and be less concerned by
the small changes that may occur to mean global air temperature. We can be sure
that this new century will contain floods, droughts, heat waves, and storms of all
kinds and sizes. And we have no evidence the frequency or magnitude of these
events will change in a globally warmed world. Moreover, we cannot guarantee that
we have seen the worst event that is possible under current natural conditions.
Therefore, I agree with this statement—natural disasters will not abate in the fu-
ture, regardless of any effects of anthropogenic climate change, and we must be
poised to deal with them.

Question 6¢c. “Swiss Re considers it very dangerous (1) to put the case for a col-
lapse of the climate system, as this will stir up fears which—if they are not con-
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firmed—will in time turn to carefree relief, and (2) to play down the climate problem
for reasons of short-term expediency, since the demand for sustainable development
rﬁqu{{resdthat today’s generations take responsible measures to counter a threat of
this kind.”

In essence, this is simply common-sense practice—don’t cry wolf and don’t ignore
the problem. As for fear mongering, every extreme weather event is accompanied
by “This could be caused by global warming!” or “We can expect more of these with
global warming!” It helps drum up support for the cause and when the future is
2100, it becomes difficult to ever find unconfirmed claims. Moreover if mitigation is
undertaken, then unconfirmed claims are cause for celebration—“See, we did some-
thing about it!”—while the occurrence of extreme events are a rally for still more
action. In the case of climate change, it seems that fear mongering yields substan-
tial benefits with little concern for the onset of carefree relief due to the fact that
effects are likely to occur only in the distant future.

As for ignoring the problem for short-term expediency, I would agree. Ignoring po-
tential problems can have serious ramifications at a later date. However, with re-
spect to anthropogenic climate change, we have not ascertained the degree to which
humans are changing the climate nor have we determined the extent to which an-
thropogenic climate change poses a hazard. To determine risk, you have to be able
to determine the probability of occurrence. In this debate, we have neither deter-
mined what will occur nor its probability. Thus, it is irresponsible to simply declare
that the change must be bad and it must be stopped at virtually all costs, particu-
larly when the result of such actions can have dire consequences themselves.

As a climatologist, I find the phrase “a collapse of the climate system” unintelli-
gible. Economic systems can collapse, infrastructures can collapse, and buildings can
collapse. But the climate system is a process that continues on. Too much carbon
dioxide in the atmosphere will NOT bring an end to climatic processes or the
Earth’s climate. As such, the physics of the climate system will not collapse; they
will continue on. In attempting to quantify the “system collapse”, Swiss Re postu-
lates that “small increases in average temperature . . . can cause low pressure sys-
tems to shift from their usual paths and the frequency of heavy rainfall in a par-
ticular region to suddenly increase significantly”. What this tells me is that the au-
thors of the Swiss Re piece do not have a good understanding of the climate system
or the issues that are involved. No research of which I am aware indicates that such
changes are likely. Little credible evidence exists to suggest that a small increase
in air temperature will result in a major shift to precipitation patterns. In fact, pre-
cipitation is so poorly simulated in climate models, that traditional low pressure sys-
tems are not even represented by them.

Question 7. Do you believe that our vulnerability to extreme weather conditions
is increasing? Why or why not?

Response. As per my Senate testimony, I definitely do agree that our vulnerability
to extreme weather conditions is increasing. More people demanding more water
usage will exacerbate droughts when they occur. Channelization of rivers (e.g., the
Mississippi and the Missouri) will enhance flood peaks and confine river flow, re-
sulting in flooding of downstream areas that are not protected by levees or flooding
large portions of inhabited areas if a levee break occurs. Continued building on and
urban development of coastal areas will put larger numbers of people at risk and
require more extensive evacuation procedures during nor’easters and tropical storm/
hurricane landfalls. With more people, the impact of thunderstorms, hailstorms,
lightning, high winds, and tornadoes are bound to increase.

Note that in my testimony, I indicated little evidence points to an enhancement
of extreme weather conditions under a globally warmed world. The above-mentioned
extreme weather conditions presently lead to the greatest loss of life and the great-
est economic impact of weather—not the increase of mean global air temperature.
They will continue to do so in the future. Thus, I will continue to argue that better
warning systems and preparation for these extreme weather events should be our
primary meteorological concern, not global warming.

RESPONSES OF DR. DAVID R. LEGATES, TO ADDITIONAL QUESTIONS FROM
SENATOR VOINOVICH

Question la. Advocates of the Kyoto Protocol expect aggressive reductions in emis-
sions beyond 2012. Some advocate a global CO> concentration target of 550 ppm
CO2 by 2100 which will require substantial reductions in the emissions of developed
countries (including the United States). If a concentration target of 550 ppm by 2100
is adopted, what is your estimate of the caps on emissions for the United States
by 2050? By 2100?
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Response. My question is “what is so magical about 550 ppm?” That number is
as contrived as any other number—there is no way to guarantee that effects result-
ing from 550 ppm will not be detrimental but that effects from, say 575 ppm, will
be. As I am not an advocate of the Kyoto Protocol, I cannot advocate specific CO>
concentration targets. Moreover, CO> is not the only greenhouse gas. Note that lev-
els of methane (CH,4) have leveled off to rates far below those postulated by the
Intergovernmental Panel on Climate Change (IPCC). Moreover, water is the most
important greenhouse gas; more important than carbon dioxide or methane. Thus,
geﬁning CO3 levels is a nice way to perform bookkeeping but not a good way to con-

uct science.

Question 1b. Are you aware of any economic analysis of the impact of these reduc-
tions beyond the initial Kyoto target? If so, can you provide this analysis?

Response. Unfortunately, economics is not my area of expertise, as I am a cli-
anatologist. Thus, I am not aware of any economic analyses of the effect of such re-

uctions.

Question 2. Please provide your assessment of the surface temperature measure-
ments including documentation of the location of the measurement sites on land and
at sea.

Response. In my testimony, I indicated that I felt thermometer measurements
were generally good estimates of the temperature record at that location. Given that
the effect of urbanization (growth of cities around the stations) has been prevalent
during the twentieth century, we would expect that surface air temperature meas-
urements would exhibit significant air temperature increases. Sites where urbaniza-
tion has not been observed usually show little trend. Moreover, weather stations
tend to be moved over time. This is done for a variety of purposes (e.g., moving sta-
tions from downtown to the airports in the 1940’s) but it results in a discontinuity
in the station record—the new site is seldom identical to the old location. Thus, a
bias is introduced which is difficult to distinguish from a climate change signal.

My view is that surface air temperature measurements are too biased to provide
a complete picture of global patterns of air temperature. First, they tend to be bi-
ased toward lower elevations, middle-latitudes, denser populations, and industri-
alized countries (see Addendum #1). Moreover, they only provide coverage of about
two-thirds of the globe with oceanic areas remaining underrepresented. Ship re-
ports, used by Legates and Willmott (Addendum #2) are useful for producing cli-
matological averages but not for discerning temporal trends. Second, they represent
the temperature at a height of only about 5.5 feet. This is well within the atmos-
pheric boundary layer where urbanization and other biases due to the station loca-
tion are prevalent.

Locations of the 17,986 terrestrial air temperature stations that were used in my
global precipitation data base are presented in Addendum #1. This figure is taken
from Legates and Willmott (1990), the text of which is included as Addendum #2.
Note section 2.3, Reliability Concerns, that discusses the assessment of the surface
temperature measurements.

Question 3. Has there been any comprehensive assessment of the accuracy of the
surface temperature measurements?

Response. I include Addendum #2 that includes a paper describing my global air
temperature climatology. It contains a summary of and several references to papers
that describe the accuracy of air temperature measurements.

I also would note the National Research Council Report, Reconciling Observations
of Global Temperature Change, chaired by John M. Wallace. Although many media
outlets touted this report as the death-knell for climate change skeptics, the report
does provide an assessment of surface temperature records (which show substantial
warming) relative to satellite and radiosonde observations (which show little warm-
ing). Moreover, the report concludes that warming is real and that surface thermom-
eters and satellites and radiosondes are likely measuring different things, most no-
tably that the thermometers are solely surface observations (below 10 feet) whereas
satellites and radiosondes (balloon observations) integrate temperature over the
lower troposphere.

Question 4. What are the effects of removing black soot from the atmosphere?

Response. In February 2001, Stanford scientist Mark Jacobson published an arti-
cle in Nature which indicated that the warming effect from the atmospheric aerosol
carbon (black soot) was more than twice what the Intergovernmental Panel on Cli-
mate Change (IPCC) has assigned to it. Black soot also is likely to reduce cloud
cover by heating portions of the atmosphere, thereby evaporating condensed water.
This implies that much of the warming the IPCC projected to occur as a result of
policies to reduce atmospheric aerosols would be offset since black carbon would also
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be removed. This has posed a problem since some have suggested that sulfate
aerosols have countered the warming the climate models indicate should have oc-
curred. Thus, anti-pollution measures to remove sulfate aerosols would result in a
dramatic increase in the Earth’s temperature.

Black soot, however, exerts a warming effect that is exceeded by emissions only
of carbon dioxide and is almost equal to the cooling caused by sulfate aerosols,
Jacobson concluded. What this means is that the removal of both sulfate aerosols
and black soot using electrostatic precipitators in smokestacks—which occurs since
both particles are about the same size—negates any effect the IPCC suggests should
occur as a result of anti-pollution efforts.

From a health standpoint, it is desirable to reduce the concentrations of black soot
and sulfate aerosols. From a climatic change standpoint, the removal of black soot
would remove a large contributor to global warming. This would occur with obvious
health benefits. Moreover, anti-pollution measures should have no net effect on the
Earth’s temperature since the net effect of sulfate aerosols and black soot should
be near zero.

What this entire argument on black soot and sulfate aerosols should indicate is
that the science of climate change is still highly uncertain. The effects of both black
soot and sulfate aerosols come with large uncertainties. Removal of black soot would
seem to be a benefit both to atmospheric pollution concerns as well as to those con-
cerned about anthropogenic warming. But further research might find that there
are other effects—maybe positive, maybe negative—that can be attributed to the
presence of these aerosols. Thus, I reiterate that it is impossible to determine the
extent of our risk when the effects of atmospheric composition are extremely uncer-
tain.

Question 5. What are the benefits of using U.S. clean coal technology in countries
like China and India in terms of removing black soot?

Response. Although this is not in my area of expertise, I would argue that clean
coal technology would be beneficial to developing countries whose economies are still
dependent on coal. However, I always am concerned about exporting technology and
how it may be used in ways that we did not intend. Clean coal technology should
decrease emissions of pollutants (sulfate aerosols and black soot), which are a par-
ticular problem in developing countries. However, by increasing burning efficiency,
more CO, will be released as a result.

Question 6. Please provide your assessment of the models used in the New Eng-
land Regional Assessment referred to by Mr. Markham. Also, please comment on
the use of these models for driving impact studies. If available, please provide any
alternative assessments for States in New England.

Response. The U.S. National Assessment prescribed the models used in the New
England Regional Assessment. Thus, the models used were the Canadian Climate
Centre Model and England’s Hadley Centre Model. I have provided an extensive as-
sessment of these models in a manuscript published by the George C. Marshall In-
stitute. That manuscript was appended to my Senate testimony.

In summary, these models were out of date at the time the National Assessment
went to press. Moreover, they provided two of the most extreme climate scenarios
of all models the Assessment had from which to choose. As for driving impact stud-
ies, I will note that for current conditions, both models simulated a wetter climate
for eastern Colorado than for northwestern Louisiana! The “trick” that is used is
to simply ignore the current field but look at changes from the present-day simula-
tion to the doubled CO, Simulation. Obviously, if one is interested in regional-scale
impacts, it is important that the model reproduces the salient features of the re-
gional climate.

Question 7. Please provide an assessment of the models used in the reports by
Swiss RE and Munich RE, including their use to predict local impacts.

Response. In their discussion, Swiss RE cites only the Switzerland National Re-
search Programme 31 (NFP 31) as a source for their information. The Swiss Na-
tional Research Programme is their equivalent of our National Science Foundation.
In the documentation of NFP 31, I found the following climate model reference: “A
regional climate model for the Alpine region,” by Liithi et al. (1997). Only an ab-
stract is available but they note, “The modelling suite employed comprises a doubly
nested system with an outer coarse mesh model (horizontal resolution ~56km) capa-
ble of capturing synoptic-scale features and an embedded fine-mesh model . . . (hor-
izontal resolution ~14km) that can simulate meso-scale flow systems.” Regional cli-
mate models are driven by General Circulation Models (GCMs) but the report gives
no mention as to the specific model references.
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As there are no large-scale modeling groups in Switzerland, my educated guess
would be that their model would not be substantially different from those cited by
the IPCC, and may likely include the Hadley Centre GCM. I provide an assessment
of the climate models used in the U.S. National Assessment in my manuscript pub-
lished by the George C. Marshall Institute and appended to my original Senate tes-
tirrﬁ)ny. Many of the same criticisms of these two models hold for other models as
well.

As for the prediction of local impacts, this study appears to use nested modeling—
an approach where higher resolution models are used to look at local fluctuations.
These models are driven by the coarser resolution GCMs and, as a consequence, in-
herit their biases and errors. Thus, the local assessments are only as good as the
large-scale forcing which, for GCMs, is not very accurate.

RESPONSES OF DR. DAVID R. LEGATES, TO ADDITIONAL QUESTIONS FROM
SENATOR CAMPBELL

Question 1. In your testimony, you expressed concern over what you termed “land
bias”. That nearly three fourths of the Earth’s surface is covered by water and goes
largely unobserved. Therefore, much of our available data on global warming may
not in fact be wholly accurate. You also mention that some countries actually sell
their data to interested parties, also potentially tainting that information. What ef-
forts are being made to correct these situations?

Response. Clearly, it is virtually impossible to instrument the oceans in the same
way we have instrumented land areas. We do have ship reports; however, they tend
to be biased in a number of ways. First, ships, for obvious reasons, tend to avoid
storms if at all possible. This provides a “fair weather bias” that affects our esti-
mates. Second, most ships are moving targets (there are some reports from fixed-
position ships) and provide air temperature estimates that are integrated over large
areas and do not represent a single point. Third, ships are large metal objects that
generate their own heat and have different characteristics than the open ocean. This
problem is akin to the urbanization effect we see with land-based thermometers.

Thus, our only real source of obtaining a spatially representative sample of global
air temperatures is through remote sensing. Much of the work by Roy Spencer and
John Christy has been based on attempting to compile a long-term temperature
record using satellite remote sensing. Using their analysis, we see that satellite-de-
rived air temperature has not exhibited a marked increase as suggested by land-
based thermometers. This lack of a trend has also been observed with radiosonde
data (balloons); traditionally, weather balloons are used twice daily around the
world to sample the vertical profile of the atmosphere, including air temperature.

As for the fact that countries have been selling their data, Dr. Mike Hulme of the
Climatic Research Unit at the University of East Anglia relayed this information
to me. His unit has been the source of many of the air temperature and precipita-
tion time-series that have been displayed. These countries are largely Third World,
which see the data as a potential source of income. Efforts are ongoing to encourage
these countries to participate in the global telecommunication of weather data,
largely through the World Meteorological Organization. In some cases, financial
support has been supplied. I participated in the first protocol that allowed the U.S.
and USSR to exchange data for climate research (back in 1990); such efforts have
now been extended to an international scope. However, I would conclude that global
cooperation in this area is still lacking.

Question 2. You mention in your testimony that perhaps 20 percent or less of the
observed global increase in temperature may be due to the activities of mankind.
What are other likely causes of global warming?

Response. I believe my intent was to state that 20 percent or less of the observed
global increase in temperature was due to anthropogenic increases in greenhouse
gases. Variations in solar output are an obvious source of some of the changes in
global temperatures we have seen. Dr. Sallie Ballunias probably can offer comment
that is more up-to-date on this topic. However, I also would strongly argue that
much of the observed global increase in air temperature is due to the effect of ur-
banization. Over time, weather stations that originally were sited in open, rural set-
tings have become increasingly surrounded by sprawling urban areas. Several re-
searchers have documented time-series of air temperature for rural versus urban-
ized stations and have found that air temperature increases with urbanization,
while little change occurs with rural observations. This effect is well documented,;
the “urban heat island” occurs due to a decrease in evaporation and an increase in
absorption of solar radiation that results when forests and grasslands are replaced
by cities. While urbanization technically can be considered as a humaninduced ef-
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fect, I strongly differentiate increased temperatures due to urbanization from a rise
in air temperature resulting from increased greenhouse gases. Thus, urbanization,
in my view, is largely responsible for most of the air temperature rise that we have
seen in the observed, land-based air temperature record.

I would further argue that land surface changes (such as urbanization, but also
including deforestation and desertification) have probably a bigger effect on the
Earth’s climate than atmospheric constituents. Land surface interactions are a big
component of the surface energy balance, although they are not well represented
within climate models. Models are more tuned to study the radiative balance of the
atmosphere, which is probably why the models are very sensitive to changes in
greenhouse gases.

Natural climatic variability is also another likely source of rising air tempera-
tures. In the late 1800’s, we emerged from a relatively cool period known as the
“Little Ice Age”. It is therefore not unexpected that air temperatures would rise dur-
ing the last century after the end of a period during which colder temperatures were
experienced for 300 to 400 years. Before then, the Medieval Warm Period exhibited
globally warmer air temperatures. I would note that many civilizations thrived dur-
ing this period even though they were in a lesser position than we are to adapt to
climate change.
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ADDENDUM #1

Mcan Scasonsl and Spavial Variatulity in Globs) Surface Air Temperalur:

Fig. 1 Locations of the 17986 rervestral air iemperature stalions contained in the edited and merged data set. Tovelve mean

soathly surface sir lemperatures are avaikehle far each station
From: Legates, D.R., and C.J. Willmott (1990). Mean Seasonal and Spatial Variability in Global
Surface Air Temperature. Theoretical and Applied Climatology, 41(1):11-21.
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Summary

Using terrestrial observations of shelter-height air tempera-
ture and shipboard measurements, a global climatology of
mean monthly surface air temperature has been compiled.
Data were obtained from ten sources, screened for coding
errors, and redundant station records were removed. The
combined data base consists of 17 986 independent terrestrial
station records and 6935 oceanic grid-point records. These
data were then interpolated to a 0.5° of latitude by 0.5” of
longitude lattice using a spherically-based interpolation al-
gorithm. Spatial distributions of the annual mean and intra-
annual variance are presented along with a harmonic decom-
position of the intra-annual variance.

1. Introduction

Virtually every component of the earth-atmos-
phere system influences and is influenced by sur-
face air temperature (temperature of the air at a
standard height above the ground). Radiative
properties of the atmosphere, the availability and
state of water, wind currents, surface albedo, solar
angle, and clouds, for example, all are directly
related to the temperature of the air within the
planetary boundary layer (Willmott, 1987). Sur-
face air temperature, in other words, is a “'state”
variable that expresses a current or integrated con-
dition of the atmosphere within the boundary
layer.

Due to its integrated nature, surface air tem-
perature is used in a wide variety of climatological
applications. Climate models, for instance, use
surface air temperature in the estimation of
ground, sensible, and latent heat fluxes as well as
for computing atmospheric counterradiation
(Washington and Parkinson, 1986). In turn, the
model-simulated air temperature field often is used
to evaluate the performance of these models. Cli-
matic change too, allegedly induced by greenhouse
gases, urbanization, or other environmental fac-
tors is manifested largely in the surface air tem-
perature field (cf., Jones and Kelly, 1983; Jones
etal., 1986; Hansen and Lebedeff, 1987). Other
investigations employ surface air temperature to
delineate weather types or climatic regions, esti-
mate evapotranspiration, or evaluate human com-
fort (Oliver and Fairbridge, 1987). Owing to the
importance of surface air temperature and our
incomplete knowledge of it, improved represen-
tations continue to be needed, especially at the
large scale.

Large-scale, surface air temperature climatol-
ogies have been deficient because of spatially un-
even terrestrial station distributions, near com-
plete absence of reliable oceanic measurements,
and coarse grid resolutions. The air temperature
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climatology presented here represents an improve-
ment inasmuch as it consists of a dense network
of terrestrial stations and includes shipboard
measurements, It may, in fact, be the highest res-
olution, global air temperature climatology avail-
able. Remotely-sensed estimates of surface air
teraperature are not considered since the tech-
nology is not yet mature and long-term means are
not available. Their exclusion also allows this cli-
matology to serve as an independent ground truth
against which remotely-sensed data may be com-
pared.

2. Station and Shipboard Observations
2.1 Terrestrial Measurements

Global archives of shelter-height air temperature
have been compiled by Wernstedt (1972), Will-
mott etal. (1981), and the National Center for
Atmospheric Research (Spangler and Jenne, 1984)
and they are used in this study. Wernstedt (1972)
and Willmott et al. (1981) encoded and published
monthly climate averages for 10687 and 13461
stations, respectively. Monthly averages, however,
had to be computed from 2721 monthly time-
series contained in the National Center for At-
mospheric Research (NCAR) archive. Using only
these three archives, adequate spatial coverage can
be achieved for most of the terrestrial surface with
the exceptions of Anutarctica, Australia, New
Guinea, China, and other parts of the Far East.
To improve the spatial resolution in these regions,
additional monthly averages were obtained from
eighty-one stations in Antarctica (van Rooy, 1957;
Schwerdtfeger, 1984), forty-eight stations in Aus-
tralia and New Guinea (CSIRO, 1962-71;
ADND, 1965), and 417 stations in China and the
Far East (Nuttonson, 1947; Terjung etal., 1985).

Virtually all the data were used in order to
achieve a dense spatial resolution. These data then
do not represent climatic normals but, rather, they
are based on time-periods of differing lengths.
Most of the data were compiled between 1920 and
1980 and so this climatology is generally repre«
sentative of that sixty-year period with a bias to-
ward the data-rich latter vears.

Potential coding errors were identified by in-
terpolating monthly averages (see next section) for
each station location using only the surrounding
stations. When the absolute difference between a

recorded and interpolated monthly value was
greater than 5°C, the recorded observation was
checked for accuracy. Station location (i.e., the
encoded latitude and longitude) also was evalu-
ated to ensure that it was located within the re-
corded political division (country, state, or prov-
ince). For the NCAR stations (which were re-
corded only to the nearest tenth of a degree), an
atlas was consulted (Rand McNally & Co., 1980).
Monthly climatic averages for 27415 stations
then were merged into a single database. Many of
the stations, however, were represented within
more than one archive; therefore, it was necessary
to combine or delete “redundant” records.
Redundant records either 1) had the same lat-
itude and longitude or 2) were located within 0.05°
of latitude and longitude from one another and
had virtually identical station names. Airport and
downtown stations, however, were not considered
redundant. It also was assumed that no two re-
cords wirhin a single source were redundant.
Redundant records were merged into a single
record on the basis of record length. Each redun-
dant record first was classified into one of three
categories: 1) records for which the time period
(dates) was known, 2) records for which only the
total number of years was known, or 3) records
of unknown duration. Redundant records of un-
known duration were deleted in favor of dated
records or those of known duration. When re-
dundant records all were of unknown duration,
arithmetic averages were taken to obtain the
merged record. Duration only records were dis-
carded in favor of dated records unless the dated
record was of climatically short duration (i.e., less
than ten years). Redundant duration-only records
were merged by taking a weighted average where
the number of years of record served as the
weights. Dated records similarly were merged, that
is, using the length of the non-overlapping portion
of the records as the weights (Legates, 1987).
After editing and merging, 17986 independent
station records were obtained. Station locations
are mapped on a cylindrical equal-area projection
to facilitate the comparison and interpretation of
regional station densities (Fig. 1). This simple pro-
jection translates latitude () only (not longitude)
according to

[
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L

Fig. 1. Locations of the 17986 terrestrial air temperature stations contained in the edited and merged data set. Twelve mean
monthly surface air temperatures are available for each station
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Fig, 2. Locations of the 6955 oceanic grid boxes for which median monthly air temperature was evaluated. Mapped grid-
point locations are associated with the center of each 2° of latitude by 2° of longitude box
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where 8, is the projected latitude. A relatively
dense station network exists in the industrialized

countries of North America, Europe, and East
Asia. In arid, mountainous, and polar regions,
however, low station densities are apparent.

2.2 Oceanic Estimates

Oceanic measurements of surface air temperature
were taken from the Comprehensive Ocean-At-
mospheric Data Set (COADS) for the period
1950-1979 (Fletcher et al., 1983; Slutz etal., 1985;
Woodruff, 1985; Woodruff etal., 1987). Within
COADS, nearly fifty-million shipboard reports
were condensed into 6955 median monthly esti-
mates for 2° of latitude by 2° of longitude boxes
(Fig. 2). After a compatibility evaluation (dis-
cussed below), these gridded median records were
combined with the terrestrial station records. Even
coverage is apparent for most of the world’s
oceans except for much of the Southern and Arctic
Oceans.

Median air temperature, such as contained in
COADS, can be used as an unbiased estimate of
the mean air temperature. Legates (1987), for in-
stance, has demonstrated that. for a global net-
work of stations, median monthly air temperature
differed from the mean by less than 0.1°C fifty
percent of the time and by less than 0.5°C ninety-
five percent of the time. Over the oceans, median
air temperature, therefore, was assumed to be
compatible with the terrestrial mean data and was
used as a surrogate for that field.

2.3 Reliability Problems

Calculation of means from the daily minimum and
maximum measurements often introduces a bias
because of asymmetry in the diurnal variation of
air temperature. Schaal and Dale (1977), for ex-
ample, have demonstrated that mean daily air tem-
perature computed from a single maximum and
a single minimum (common practice for much of
the world) may produce estimates that are differ-
ent from the true (time-integrated) daily mean by
asmuch as 1 °C. This error also can be accentuated
by variations in the time of observation from place
1o place (Mitchell, 1958 Baker, 1975).

Jones etal. (1986) indicate that many non-first-
order weather stations in the United States take
more morning observations than evening obser-

vations. This translates into a decrease in the mean
daily air temperature below the true value. Mean
monthly estimates (averages of the daily means),
therefore, will not adequately represent the true
values. Jones etal. (1986) suggest transforming
monthly averages “to anomaly values {calculated]
from a common reference period” (p. 162). While
this does not address the problem of removing
bias from the reference period, it underscores this
inadequacy in the mean field.

Changes in instrumentation, exposure, and sta-
tion location are additional problems associated
with long-term air temperature records (Jones
etal., 1986). Many station moves, for instance,
were documented in the NCAR data (Spangler
and Jenne, 1984)—stations which moved more
than 0.1° of latitude or longitude were in fact
treated as different stations. Mitchell (1953) de-
termined, however, that instrument and exposure
changes have only a small effect on decadal av-
erages at least within the United States. Environ-
mental effects such as urbanization may have a
more significant impact although their effects may
be considered representative of actual changes in
the ambient temperature field.

Variable thermometer heights are a potential
source of discrepancy between the land and ocean
measurements. On land, surface air temperature
is usually measured at sheiter-
height —approximately four feet (1.22 meters)
above the ground. Oceanic measurements of sur-
face air temperature, however, are taken at a ship-
board height of twelve meters (Woodruff, 1987).
Since the lapse rate usually is small over the oceans
(cf., Fleagle etal., 1958), differences between
measurements taken at twelve meters and 1.22
meters should be rather small.

No viable means of correcting these biases on
a global scale was apparent and, therefore, no
correction was made. The existence of such biases
in this and other large-scale data sets should be
recognized, however, and this presentation of
these data should be interpreted accordingly.

3. Grid-Point Interpolation

Station data and oceanic box averages then were
interpolated to the nodes of a 0.5° of latitude by
0.5° of longitude lattice. Many procedures have
been developed for interpolating grid-point values
from irregularty-spaced data (cf., Lam, 1983; Ben-
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nett etal., 1984) although most were designed for
interpolation at small spatial scales. At such scales,
a flat or planar earth is a reasonable approxi-
mation. At large or global scales, however, this
assumption is generally inappropriate. Willmott
etal. (1985b) have shown, for example, that non-
trivial interpolation errors can arise when these
cartesian-based (planar) methods are used to in-
terpolate large-scale climate fields. Here then the
interpolation procedure must account for the
sphericity of the earth.

Legates (1987) evaluated several spectral filter-
ing and local-search procedures for use in inter-
polating global air temperature and precipitation.
He concluded that the spherical adaptation of She-
pard’'s (1968; 1984) numerical approximation
method (discussed by Willmott etal., 1985b) was
a reliable technique. This procedure, therefore,
was used in the interpolations presented here.

An estimate of the temperature field, T, at any
point can be calculated using weighted averages
(Willmott etal., 1985b) according to

4
I Wi(Ti+AT)
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where W, is a weight, T; is the observed average
air temperature at latitude §; and longitude @,
and A T;is a term that accounts for the local spatial
gradient. It (A T}) also allows for the extrapolation
of peaks and valleys beyond the range of the N
nearby values of 7. A selected number of “nearest
neighbors” or closest points, N, is chosen to lessen
the calculations. Following Shepard (1968), N
ranges from a minimum of four to a maximum
of ten — the actual number depends on the spatial
distribution of these nearest neighbors.
Shepard’s weight, W, can be written

W,=Si{l+D) 3

where S, is the distance component and D; is the
directional component. All geometric calculations
(e.g., of the distance and directional components)
are made in spherical coordinates to account for
the curvature of the earth. While Shepard used a
value of 2.0 for y, Legates (1987) determined that
0.95 is optimal for these air temperature data and,
therefore, it is used here. Inclusion of the direc-
tional weight assures that clusters of nearest neigh-

bors are not given an undue influence. Willmott
etal. (1985b) give a more complete discussion of
the spherical version of Shepard’s algorithm and
additional modifications are outlined by Legates
(1987).

Using this algorithm, grid-point values of mean
monthly surface air temperature were interpolated
to the 0.5° by 0.5 lattice. Isotherms then were
laced among the gridded temperatures and pro-
jected onto the same equal-area projection used
for the station locations. Shading between the iso-
therms is used to enhance pattern recognition.

4. Global Surface Air Temperature
4.1 Annual Mean

Mean annual surface air temperature, as expected,
is generally highest in low latitudes and decreases
toward the poles (Fig. 3). Large regions having
air temperatures greater than 27.5°C are found in
southern portions of the Sahara Desert and are
especially pronounced over the oceans of Mon-
soon Asia. Over the southern Sahara, clear skies
and small solar zenith angles combine with neg-
ligible evapotranspiration to produce very high
surface air temperatures. High temperatures also
are common in the western equatorial Pacific and
the eastern Indian Oceans; in this instance, due
to solar heating of already warm equatorial waters
(U.S. Navy, 1981). Terrestrial mean air temper-
atures within this region (greater than 27.5°C) are
often cooler than oceanic areas due partially to
relief — elevations commonly exceed 1 000 meters.
Elevation also contributes to the south polar re-
gion being cooler than its northern counterpart.

Effects of warm and cold coastal currents can
be seen in the Atlantic, Pacific, and Indian Oceans.
Warm currents such as the Gulf Stream, Kuro-
shio, and Brazil Current increase the local surface
air temperatures as well as the temperature gra-
dients across coastlines. Marked average air tem-
perature differences appear between offshore and
onshore points that are just a few kilometers apart.
Cold currents {mainly the California, Peru, Ben-
guela, and Canaries Currents) decrease the local
surface air temperatures and weaken north-south
air temperature gradients.

Altitude also affects annual mean surface air
temperature. Latitudinally anomalous low tem-
peratures, for instance, are apparent over the



Fig. 3. Mean annual surface air temperature. [sotherms are ~20.0°C, 0.0°C, 10.0°C, 20.0°C, 23.0°C, and 27.5°C. Areas with
mean air temperatures below —20°C are unshaded while areas with mean air temperatures greater than 27.5°C cre dark grey
{e.g., over much of the western equatorial Pacific)

Fig. 4. Tempora! standard deviations of the mean monthly surface air temperatures, Isotherms are 0.5°C, 1.0°C, 2.0°C. 40°C.
8.0°C, and 12.0°C. Areas with standard deviations less than 0.5°C are unshaded while areas with standard deviations greater
than 12°C are dark grey (¢.g.. over Siberia)
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Andes, Himalayas, Alps. and Rocky Mountains
as well as over the high plateaus of Tibet, Iran,
Ethiopia, and Brazil, Owing to the high-resolution
of these data, even relatively small mountain
ranges including the Pyrenees and the mountains
of eastern Equatorial Africa exhibit their effects
on surface air temperature. Mountainous islands
such as New Zealand, Tasmania, New Guinea,
Madagascar, Sri Lanka, and Sumatra also exhibit
nontrivial decreases in average air temperature.
Variations in mean annual air temperature are
apparent even over small islands including St. He-
lena and the Cape Verde, Caroline, Fiji, Mariana,
Marshall, and Solomon Island chains.

4.2 Average Intra-Annual Variation

Intra-annual variation in monthly surface air tem-
perature is described by the temporal standard
deviation of the twelve mean monthly values. The
standard deviation field is inversely related to the
annual mean field; that is, the largest values usu-
ally appear in high latitudes and the minimum is
along the equator (Fig. 4). Within much of the
intertropical convergence zone, deviations over
the oceans are less than 0.5°C while they exceed
12.0°C poleward of the continental interiors of
North America, Asia, and Antarctica. Intra-an-
nual variations in surface air temperature gener-
ally are larger in the northern hemisphere owing
to the greater land area.

The well-known moderating influence of the
oceans on surface air temperature also is evident
in the standard deviations. This effect is primarily
a result of the oceans’ 1) larger heat capacity, 2)
lower albedo (except at high solar zenith angles),
3) increased latent heat exchange, 4) deeper pen-
etration of sunlight, and 5) vertical mixing of heat.
In addition to the large-scale manifestations of
this effect (ocean-continent differences), it also is
apparent at the small scale. Many small islands
such as the Falkland, Canary and Mascarene Is-
lands and New Caledonia. for example. exhibit
greater temperature variations than the surround-
ing ocean.

In mid-latitudes, intra-annual variations in sur-
face air temperature are smaller on the western
side of each continent (e.g., Mediterranean Cli-
mate) than on the eastern side (e.g., Subtropical
Humid Climate). Conversely. tropical climates ex-
hibit smaller intra-annual variations on the eastern

side (e.g., Tropical Wet-and-Dry Climate) than on
the western side (e.g., Tropical Desert Climate).
Atmospheric circulation patterns and the timing
of precipitation (winter maxima for Mediterra-
nean Climate; high-sun maxima for Tropical Wet-
and-Dry) regulate the release of latent heat and
establish these patterns.

While elevation plays an important role in de-
creasing the surface air temperature, its influence
on the intra-annual variation appears to be min-
imal. The Alps, Atlas, Himalayas, Pyrenees, and
the Great Dividing Range (Australia), for ex-
ample, do not significantly alter the general pole-
ward increase in intra-annual variation. A slight
decrease is observed, however, along the front-
range of the Rocky Mountains and along the Si-
erra Nevada.

Anomalous regions of high intra-annual vari-
ation are observed in the southern portions of the
Pacific, Atlantic, and Indian Oceans. These areas
occur near the center of the counter-clockwise,
oceanic gyres that are prevalent at approximately
30°S. Although these anomalies are intriguing, we
have found no physical basis for the enhancement
of the seasonal variance in these regions. A pos-
sible explanation may be that the mean air tem-
peratures averages for these areas are based on a
relatively small number of ship traverses and may
not adequately represent the true mean field. An-
omalously low intra-annual variations that appear
farther south are probably attributable to inter-
polation since almost no data exist in these areas
(Fig. 2).

4.3 Seasonality

Using a lower-resolution subset of the 0.5° by 0.5
field, monthly mean surface air temperature was
decomposed into the annual mean (Fig. 3) and
the first two annual harmonics (Figs. 5 and 6).
This subset is associated with (approximately) a
4° of latitude by 5° of longitude grid in the pro-
jected (6;) coordinates. All grid-point records were
not evaluated because the spatial density of nodes
is too high to effectively present in the form of a
vector map {cf., Fig. 5).

Sabbagh and Bryson (1962) were among the
first to use harmonic decomposition to evaluate
a large-scale climate field (i.e., precipitation in
Canada). Hsu and Wallace (1976) later used har-
monic analysis to evaluate terrestrial precipita-



Fig. 5. First temporal harmonic of the average monthly air temperatures (°C). Amplitude is proportional to the length of the
arrow (measured from the center of the scale/dial) while the oceurrence of the maximum in time is given by its direction (edge
of the scale/dial)
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Fig. 6. Second temporal harmonic of the average monthly air temperatures (°C). Amplitude is proponipnal to }he lf:ngth of
the arrow (measured from the center of the scale/dial) while the accurrence of the maxima in time is given by its directions
(edge of the scale/dial)
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Fig. 7. Percent of the temporal variance explained in the mean monthly surface air temperatures (r%) by the first two harmonics.
Tsolines are 90.0, 99.0, and 99.9 percent. Areas where #* is less than 90.0 percent are unshaded while areas where r* is greater
than 99.9 percent are dark grey (e.g., over the central United States)

tion. Willmott etal. (1985a) also used harmonics
to describe seasonal variations, albeit in snow
cover, soil moisture, and evapotranspiration. Fol-
lowing Willmott etal., the amplitude and phase
of the harmonics are shown as a vector (Figs. 5
and 6). The length of each vector (arrow) repre-
sents the magnitude (note the logarithmic scale)
whilc the direction locates the occurrence in time
of the maximum. A complete discussion of har-
monic analysis is given by Rayner (1971).

More than 99.0 percent of the variation in mean
monthly surface air temperature is accounted for
by the first two harmonics. Explained variance
(by the two harmonics) only falls below 90.0 per-
cent for a few areas in the mid-latitudes of the
southern hemisphere and in the tropics (Fig. 7).
Other mid-latitude areas have greater than 99.9
percent of their variance explained. Another way
to evaluate the goodness of {it is to consider the
average magnitude of the residuals or the standard
error. For air temperature, the variation left un-
accounted for by the first two harmonics is less
than or equal to 1.25°C for any grid point.

Amplitudes of the first harmonic increase pole-

ward and are larger over the continents than over
the oceans at the same latitude (Fig. 5). This re-
flects the poleward increase in seasonality as well
as the moderating influence of the oceans on tem-
perature variation. The phase of the first harmonic
approximates the time of maximum monthly air
temperature — mid-July in the continental north-
ern hemisphere and mid-January over the south-
ern hemisphere continents. Maxima are delayed
for nearly two months over the oceans.

Tropical regions are dissimilarly characterized
by a weak double-maxima air temperature cycle.
First harmonic maxima, therefore, are small in
these areas. Monsoon climates (just poleward of
the tropics) exhibit a maximum one or two months
before the solstice. This occurs just prior to the
onset of the rainy season which cools the air con-
siderably. Equatorial oceans have weak maxima
in late March or early April that are pronounced
where little precipitation fails (cf.. Legates, 1987).
During this time, the Peru and Benguela currents
are warmest which contributes to atmospheric
warming.

The second harmonic explains only about one-
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quarter as much variance as the first (Fig. 6). In
higher latitudes, particularly in the southern hem-
isphere, the amplitude of the second harmonic is
relatively large and the maxima occur about two
months prior (and four months later) than the
first harmonic maxima. Dominance of the pro-
nounced seasonal cycle and the rapid warming
that occurs at the onset of summer are the prob-
able causes. Amplitudes of the second harmonic
also are quite large in the tropical deserts owing
to the double-maxima air temperature cycle. Mon-
soon climates as well are characterized by a rel-
atively large second-harmonic amplitude again
owing to a double-maxima in the seasonal air tem-
perature cycle.

5. Concluding Remarks

A relatively dense terrestrial network of long-term
monthly surface air temperature stations has been
compiled from existing sources, screened for cod-
ing errors, and redundant station records have
been removed. Oceanic (monthly) grid-point av-
erages augmented the terrestrial measurements.
Station and grid-point data then were interpolated
to a 0.5° of latitude by 0.57 of longitude lattice
using a sperhically-based interpolation algorithm.
These interpolated data are available on magnetic
tape and may be obtained by contacting the au-
thors.

Maps of the interpolated air temperature field
confirm and precisely locate the higher tempera-
tures in low latitudes and the gradients toward the
poles. The large intra-annual variation in the polar
regions as well as small variation’in the tropics
also is documented. Harmonic analysis (using a
4° of latitude by 5° of longitude subset of the 0.5°
by 0.5 grid) reveals the geographic extent and
timing of the mid- and high-latitude seasonal air
temperature cycle. Terrestrial air temperature
maxima occur approximately one month after the
surnmer solstice while maxima are delayed by an
average of two months over the oceans. A double-
maxima air temperature regime characterizes the
continental subtropics.
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STATEMENT OF ADAM MARKHAM, EXECUTIVE DIRECTOR, CLEAN AIR-COOL PLANET,
PorTsmouTH, NH

Good morning Mr. Chairman, and members of the committee. My name is Adam
Markham and I am the executive director of Clean Air-Cool Planet, a small non-
profit working to achieve reductions of greenhouse gas emissions in the Northeast.
Thank you for inviting me here today to talk about likely impacts of continued cli-
matic change.

New England is coming to end of what will almost certainly be the warmest win-
ter on record, and much of the region has been in the grip of severe or extreme
drought for many months. These individual weather events are not, in themselves,
indicators of climate change but they are providing a taste of what climate change
might bring. New Hampshire is currently experiencing the second worst drought in
more than 100 years and Maine’s last 12 months were the driest on record. Lake
Winnipesaukee is at its lowest level in a generation, wells are running dry, and con-
cerns are being raised about hydroelectric power shortages, fish populations and for-
est fire risk.

As with the rest of the country, we are experiencing a long-term warming trend.
On average, New England has warmed by 0.7 °F since 1895. Winters have warmed
more than summers, and the greatest warming has been in New Hampshire,
Vermont and Rhode Island. Annual precipitation for the region as a whole has in-
creased, especially in southern New England where the change has been more than
25 percent over the last century. More rain is falling in intense storms than in the
past.

On the other hand, there has been a significant decrease (15 percent) in snowfall
in northern New England since 1953. Snow is lying on the ground 7 days less than
it was 50 years ago and the ice comes off lakes a few days earlier now than 100
years ago. Other documented indicators of a shorter winter include progressively
earlier flowering of lilacs and the fact that frogs have advanced their spring calling
by several weeks.

The New England Regional Assessment (NERA), which was carried out under the
auspices of the U.S. Global Change Research Program and coordinated by Dr. Bar-
rett Rock of the University of New Hampshire, was published in September 2001.
Four years in the making, the report reviewed some of the risks associated with con-
tinued global warming. The warming scenarios described in the report suggest a
likely 6-10 °F warming over the next century. In crude terms, such a change would
result in Boston getting the climate of Richmond, VA in the best case, and that of
Atlanta, GA in the worst case. Either way, the climate of New England would be
irreversibly transformed with far-reaching and negative, economic and environ-
mental impacts.

SUGAR MAPLE

Let me start by describing the threat to one of the icons of New England culture,
and one that I know is close to Chairman Jeffords’ heart—the sugar maple. Accord-
ing to all credible forest models, the sugar maple is one of the tree species most sen-
sitive to warming temperatures. Business as usual emissions scenarios are almost
certain to eventually drive the sugar maple northwards out of New England en-
tirely. Even before that happens climate change will start to take a toll.

New England and New York produce approximately 75 percent of the maple syrup
produced in the U.S. today. U.S. maple syrup production is worth more than $30
million annually. For Vermont, it is a more than $100 million industry with over
2,000 mainly family owned sugar producers. Many of these families have been care-
ful stewards of these forests for generations and they have a strong interest in the
legacy that is passed to their children and grandchildren. Maple trees take decades
to mature and new stands are planted for the benefit of future generations. Accord-
ing to NERA this heritage and industry “may be irreparably altered under a chang-
ing climate”. There are indications that sugar production tends to be better in colder
years, and it is established that droughts during the growing season adversely affect
production in subsequent years. For example, sugarmakers expect to see impacts of
the current drought, which started last summer, in production numbers for this cur-
rent season.

There is a very short time in the year when conditions are right for sugar produc-
tion. Sap generally flows during late February and early March. Sugar bushes need
a prolonged period of temperatures below 25°F to convert starch to sucrose and to
get high sugar content in the sap. A freeze/thaw cycle of cold nights and warm days
(above 38—40 °F) is required to get the sap moving. When the nights no longer freeze
the season is over.



147

According to Dr. Tim Perkins, Director of the Proctor Maple Research Center at
the University of Vermont, sugarmakers are reporting that the season is starting
earlier and earlier. Traditionally, in much of Vermont, tapping coincided with Town
Meeting Day (the first Tuesday in March). But this is changing, and during the last
decade approximately a quarter of Vermont’s sugar production has occurred before
Town Meeting Day. This year’s warm winter triggered one of the earliest sugaring
season starts anyone can remember.

With such a short window of opportunity, the decision on when to tap the trees
is critical to successful production. Tap too early and you risk “drying out” the tree
too soon, but tap too late and you may miss some of the best sap runs. By making
the beginning of the season more unpredictable and increasing temperature fluctua-
tions, global warming will make the decision on when to tap even more difficult.

There is little data available yet with which to predict more accurately the likely
impacts of climate change on maple trees or its possible interplay with other threats
to the maple industry, including acid rain, land-use change and pests such as the
Asian longhorned beetle. The Proctor Maple Research Center plans to begin a vig-
orous program of research on global warming impacts in the very near future. High
quality field data they have been collecting for a number of years will enable them
to construct a computer model of sap flow in maple trees under varying conditions.
This will then be used to simulate sap flow under various climate change scenarios
to predict the effect on production.

SKIING AND WINTER SPORTS

Winter sports are especially vulnerable to global warming. Because of the strong
relationship between winter skiing conditions, the number of customers, and subse-
quent successes or failures in the ski industry, a changing climate may have severe
repercussions for New England’s winter tourism economy. There are 80 ski resorts
now operating in the region.

Although economic analyses for New England have been limited, studies from
Canada suggest that global warming could have major economic impacts for the ski
industry there. For example, one analysis indicated that an increase of 3.5-3.7°C
could decrease the number of skier days by 50-70 percent at resorts in Southern
Quebec. This could mean a loss of up to $1.7 billion in revenue for Quebec.

A recent study by Brian Palm, a Dartmouth College alum and post-graduate stu-
dent at Oxford University, of the past 19 years of weather data for Vermont and
New Hampshire showed an average of 700,000 fewer ski visits in the years with
the worst snow conditions.

Vermont and New Hampshire have the most ski-dependent economies in New
England. Together, the two states receive approximately 6 million ski visits annu-
ally. Skiers generate some of the highest per capita spending of any tourists. In New
Hampshire the industry generated $566 million in visitor spending in 2000. This
spending is critical to the state government’s budget, and in 2000 it accounted for
nearly $58 million in tax revenue. The skiing industry also creates more than 10
percent of the winter jobs in New Hampshire.

Capital investment in the region’s ski industry is highly significant and would be
at risk from shorter winters and a warmer, less snowy climate. Recent single-season
improvements at Sugarbush (VT) and Sunapee (NH) cost $28 million and $11 mil-
lion respectively. Resort operators have increasingly had to make costly improve-
ments to snowmaking technology to smooth out inconsistent winters. Vermont and
ski areas increased the area covered by snowmaking by 15 percent in the last 12
years and resorts in New Hampshire spent $24.2 million to increase acres covered
by snowmaking by 18 percent during the last decade. At Attitash in New Hamp-
shire, snowmaking costs about $750,000 per year and accounts for approximately 20
percent of total operating costs.

In 2001, the November temperature for the Northeast averaged 43.6°F, some
5.3°F higher than the 107-year average. This was the third warmest November on
record. In 2001, Killington Ski Resort, the largest area in the east, recorded its lat-
est opening date in more than 15 years.

Downhill skiing is not the only winter recreation to be affected. This year, some
cross-country skiing trails have been devoid of snow, and ice-skating and
snowshoeing opportunities have been unusually few and far between. Ice fishing has
been sparse or non-existent in southern New England and many snowmobiling
trails have been closed for much of the season.

FOREST ECOSYSTEMS

Climate models predict that in the longer term global warming will eventually
transform the conifer forest of northern New England into the type of forest now
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found farther south—either the deciduous forest of the Mid-Atlantic States, or the
mixed forests characteristic of southern New England.

The conditions that currently support northern hardwood forests will shift up to
300 miles north during the next 100 years, causing the loss of these forests over
much of the landscape. The distributions of white spruce, black spruce, red spruce,
balsam fir and other species of cool climates will move north and these trees are
likely to disappear from most of their current ranges in the Northeastern United
States. If disturbances such as fire or storms increase as has been predicted by some
scientists, this would hasten the decline and facilitate the northward spread of
southern species like oak and hickory.

More than 300,000 people in New England and New York are employed in the
forestry and forest products sector. Milder winters will likely increase the vulner-
ability of commercial forests to insect pests including eastern spruce budworm,
gypsy moth and pear thrips. Any economic losses are likely to disproportionately af-
fect smaller, non-industrial private landowners. More than 250,000 private forest
landowners are likely to be affected in New England alone.

Global warming will tend to favor opportunistic, fast-moving and adaptable spe-
cies. It is likely to prove to be a boon for many pests and invasive species that
threaten regional biodiversity. Purple loosestrife, garlic mustard, Tartarian honey-
suckle and Morrow honeysuckle are some of the troublesome non-native species that
are predicted to benefit as others decline or disappear.

Higher summer temperatures and increased pollution from road traffic will likely
contribute to greater ground-level ozone formation with the effect of reducing forest
productivity and harming commercial tree species like red spruce and white pine.
Ozone impacts are expected to be worst in southern New York and central and
southern New England.

Changing temperature and precipitation patterns could harm the multi-million
dollar fall foliage industry by muting autumn colors. Without sugar maple the au-
tumn experience in New England would be very different. Fall-foliage tourism ac-
counts for 20-25 percent of total annual tourism in Vermont and Maine. NERA esti-
mated that a 50 percent drop in fall foliage tourism could result in approximately
20,000 job losses.

Climate change is a significant threat to the forest and alpine ecosystems of the
most important public lands in the region, including Acadia National Park, the
Allagash Wilderness Waterway, Baxter State Park, the White Mountains National
Forest, and the Mount Washington State Park.

WILDLIFE IMPACTS

For some animals and plants, climate effects could prove to be disastrous. Many
species characteristic of the northern forest will be forced to find new habitat as cli-
mate changes. Species already living at the southern edges of their ranges—like
martens, fishers and snowshoe hares—will be among the most affected. Bird species
that live in northern spruce and spruce/fir forests, including the gray jay, boreal
chickadee, spruce grouse and the threatened Bicknell’s thrush, are particularly vul-
nerable to diminished habitat in New England.

A modeling study published by The World Wildlife Fund and Clean Air-Cool Plan-
et in 2000, shows the habitats of the Northern Forest of New England and upstate
New York to be especially vulnerable to climate change. According to this study up
to 44 percent of Maine’s, and 35 percent of New Hampshire’s, existing terrestrial
habitats are likely to be transformed into other ecosystem types under the most
credible climate scenarios. In the most heavily impacted areas, the rates at which
plant and animal species may be required to shift their ranges in response to global
warming in the next 100 years may be as much as ten times faster than at the end
of the last ice age.

According to a recent report by the American Bird Conservancy and the National
Wildlife Federation, a great many species of birds will be affected by climate change.
Birding has become a major recreational activity in recent decades, with far-reach-
ing economic consequences. In New England alone, in 1996, people spent more than
$ 1.8 billion feeding and watching birds and other wildlife.

Several species of wood warbler are expected to extend their ranges northwards,
perhaps by hundreds of miles, while disappearing at the southern edges of their cur-
rent ranges. Five species, including the bay-breasted warbler and Cape May warbler
are predicted to disappear from New England entirely. These birds help to keep
spruce budworm outbreaks in check by consuming millions of larvae during the
breeding season. If they are pushed northwards many forests could become much
more vulnerable to insect pests. A study of 35 North American warbler species
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showed that 20 percent of them have already shifted their ranges an average of 65
miles northwards during the last 25 years.

PUBLIC HEALTH

The White Mountains are within a day’s drive of 77 million people and receive
more visitors (7-8 million) every year than Yellowstone and Yosemite national
parks combined. Recreational visitors in some of these areas may suffer increased
health risks as a result of global warming. Sixty thousand hikers a year visit Mount
Washington and the major peaks for the White Mountains. On hot summer days
there are often high levels of ground-level ozone, particulates and acid aerosols. All
of these pose a threat to hikers. According to NERA, there is a striking correlation
between hot days (warmer than 90°F, sunny skies and high levels of ozone pollu-
tion. Because long-distance transport of air pollutants appears to occur at the
boundary between the mixing layer and the stable layer of the troposphere, at
around 3,200 feet, hiking at these elevations or higher may expose hikers to dam-
aging concentrations of dangerous air pollutants not experienced lower low down.
According to a study by Harvard Medical School, the Harvard School of Public
Health and the Appalachian Mountain Club, prolonged exposure to levels of ozone
often encountered on trails in the White Mountains can reduce lung function and
is especially damaging to people with a history of asthma or other respiratory prob-
ems.

Also a risk for people outdoors, even on the golf course or in their backyards is
Lyme disease, which is already on the increase in New York and parts of New Eng-
land. If undetected, the disease can lead to permanent neurological disability. Be-
cause it is passed along to humans by ticks, Lyme disease poses a special threat
to people who enjoy outdoor pursuits like hiking, birding and fishing. Swedish re-
search on ticks suggests that warmer winters could increase the incidence of the dis-
ease and push its potential range further into northern New England.

Heat waves kill more people in the United States than hurricanes, flooding or tor-
nadoes. Dr. Laurence Kalkstein, Associate Director of the Center for Climatic Re-
search at the University of Delaware has suggested that heat-related deaths in the
summertime could double under likely U.S. global warming scenarios. Northern cit-
ies are especially vulnerable to heat waves because people are not used to, or accli-
mated to, high temperatures and humidity. Also building design in the north is
more oriented toward keeping heat in during the winter than letting it out during
thei{ summer. The elderly and low-income households in urban areas are at highest
risk.

COASTAL COMMUNITIES & FISHERIES

The costs of climate impacts in the coastal zone may be particularly large. Sea
levels are currently rising at about a foot per century. This rate is increasing and
New England coastal communities will likely have to deal with sea level rise of
around two feet this century. The State of New Hampshire has calculated that this
will massively increase the area of the Seacoast vulnerable to flooding and could
turn 100-year storms into 10-year storms. According to the U.S. Environmental Pro-
tection Agency (EPA) a two-foot sea level rise would inundate about 10,000 square
miles of coastline. Costly beach nourishment and shoreline armoring is already
transforming the coast of New England. A three-foot sea level rise would result in
half of our natural wetlands and beaches being lost and replaced with armored
shores. Coastal development is rapidly closing off the option of natural retreat for
many wetlands.

Coastal marine ecosystems and fisheries are also at risk. Warmer temperatures
are expected to increase the incidence of toxic algal blooms and help the spread of
warm water diseases of shellfish such as oysters. Winter seawater temperature in
Narragansett Bay have already warmed by more than 5°F since 1960 and winter
flounder populations have been in decline for 25 years. The flounders migrate
inshore in the late fall and spawn in early spring. Winter flounders are adapted for
low water temperatures in which most fish can’t survive and warm winters are hy-
pothesized to be harming populations through reduced hatching rates and increased
predation on larvae.

SOLUTIONS & LEADERSHIP IN THE NORTHEAST

The Northeast States have long been leaders in reducing air pollution. The region
also is now beginning to lead the way in responding to global warming.

e In 2000, New York was the first state to enact a law promoting environmentally
friendly and energy efficient building practices through tax incentives
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e In 2001, Massachusetts Governor Jane Swift signed a new multi-pollutant regu-
lation making the state the first to control CO, emissions from existing power sta-
tions.

o New Hampshire was the first state to create a voluntary registry for greenhouse
gas emissions and a bi-partisan 4-pollutant bill was recently passed in the House.

e The Connecticut Clean Energy Fund is at the forefront of efforts to support the
development of commercial fuel cell technologies.

o Efficiency Vermont is the Nation’s first public utility dedicated solely to achiev-
ing energy efficiency improvements.

In August 2001, the New England Governors and Eastern Canadian Premiers
signed a Climate Change Action Plan with the long-term goal of reducing green-
house gases by 75-85 percent from current levels. The Governors and Premiers con-
cluded that global warming’s “multiple impacts will have substantial consequences
for the cost and quality of life of the region’s citizens”. They noted that U.S. national
CO; emissions have been growing more than 1 percent a year and stated “Given
these increases in the face of doing nothing, this plan seeks to reverse the trend.”

Northeast leadership is not restricted to the states, however. Thirty-five cities and
counties in the region have joined the Cities for Climate Protection Program of the
International Council for Local Environmental Initiatives. These municipalities have
all passed resolutions pledging to reduce greenhouse gas emissions and implement
local climate action plans. For example, Burlington Vermont has adopted an ambi-
tious plan—the “10 percent Challenge”—to reduce the city’s greenhouse gas emis-
sions by 10 percent from 1990 levels by 2005.

Colleges and universities throughout the region are doing their part too. Tufts
University has pledged to meet or beat the Kyoto Target. Clean Air-Cool Planet has
worked with the University of New Hampshire to produce the most detailed green-
house gas emissions inventory carried out for any college in the country—the pre-
cursor to a campus-wide climate plan. Similar projects are underway with the Uni-
versity of Vermont and Bates College in Maine. Students at Connecticut College
have voted with their pocketbooks and signed the campus up for green electricity.

Many businesses in the Northeast are showing the way for the corporate sector.
IBM (NY) and Johnson and Johnson (NJ) were the first to set ambitious greenhouse
gas reduction targets as members of the Climate Savers program of World Wildlife
Fund and the Center for Energy and Climate Solutions. Pitney Bowes (CT) is a
leader in developing corporate markets for green power and Timberland (NH) has
partnered with Clean Air-Cool Planet and Vermont-based NativeEnergy to invest in
new wind energy and permanently retire the CO> credits from tradable renewable
energy certificates (T-RECS). Other companies are convincingly demonstrating that
common sense investments in energy saving can pay off handsomely.

For example, Massachusetts-based Shaw’s Supermarkets has 185 stores and em-
ploys nearly 30,000 people in New England. In 2000, Shaw’s realized $3.7 million
from energy savings alone. Typically, a supermarket would have to sell $150 million
worth of groceries to make that much money.

New York-based Verizon is another important leader in energy conservation. Its
efforts are now producing $20 million a year in net savings. Verizon’s projects range
from encouraging employees to turn off personal computers when not in use (saving
approximately $50 in energy costs for each PC each year), and removing more than
200,000 unnecessary lights, to carrying out energy audits in more than 500 build-
ings and developing fuel cell systems.

NEED FOR FEDERAL ACTION TO CONTROL CO2

These stories are just the tip of the iceberg. All over New England and the North-
east, individuals, institutions and corporations are inventing, exploring and imple-
menting innovative solutions to climate change. But this is not enough. John Donne
famously said “no man is an island; entire of itself. Every man is a piece of the con-
tinent, a part of the main”. No individual, no city, no State and not even a region
as big as a middle-sized nation, as the Northeast is, can solve the problem of climate
change on its own. As everyone knows by now, the United States is the world’s larg-
est single emitter of greenhouse gases. Without action by the United States we can-
not hope to stabilize the world’s climate. Without national legislation, regional ef-
forts such as those in the Northeast will founder and ultimately fail.

A strong national response to climate change and a modern energy policy are both
crucial if we are to continue to grow our economy, strengthen the country’s energy
security and act as responsible stewards of our environment.

Energy efficiency and alternative fuels are the real routes to energy security, not
drilling in pristine wilderness areas. If we are serious about reducing our reliance
on foreign oil and about competing in world markets we must produce more efficient
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automobiles. If we want energy security and more jobs we should aim to be pro-
ducing 20 percent of our electricity for renewable resources—wind, solar, biomass
and geothermal—by the year 2020.

Federal controls on CO, are essential and urgently needed. By dealing with all
four pollutants at once and promoting energy conservation the Clean Power Act can
save us tens of millions of dollars in comparison to three pollutant strategies that
focus only on end of pipe solutions and ignore carbon dioxide. Local and regional
leadership such as is commonplace in the Northeast is important and
groundbreaking. But, there can be no substitute for coordinated national action, and
eventually, economy-wide controls on COx.

Despite the fact that there is considerable uncertainty about the precise costs of
impacts of climate change on New England, there is very little doubt that it will
have a transformative effect on many of the attributes that make the region unique.
The loss of sugar maples, changes in the northern forest, warmer winters, more fre-
quent heat-waves and destruction of coastal wetlands will radically diminish the
New England experience and may ultimately deliver a body blow to elements of the
region’s economy.

Thank you for inviting me to testify before you today. I would be happy to try
to answer any questions you may have.

RESPONSES BY ADAM MARKHAM TO ADDITIONAL QUESTIONS FROM SENATOR JEFFORDS

Question 1. Your testimony illustrated well the potential environmental and eco-
nomic impacts facing New England in a warmer climate, and you also enlightened
us about current pro-active business projects aimed at lowering greenhouse gas
emissions. In your experience, what reasons have these companies given to explain
theig motivation for early action on energy conservation and climate change mitiga-
tion?

Response. In my experience, the prime motivation has been a recognition that by
seeking to reduce wasteful energy use, a company can invariably save significant
amounts of money. Bottom-line benefits translate to increased shareholder value
and confidence and often to increased competitiveness in the market. Other reasons
we often hear include:

o Wanting to be seen as an environmentally responsible

e Certain actions, such as increased day-lighting in buildings help with worker
productivity and employee retention

o Increasing business efficiency

e Recognition that customers want to buy from environmentally responsible com-
panies

o Getting ahead of potential future legislation

e Taking advantage of available new technologies

Question 2. The findings of the New England Regional Assessment are very dis-
turbing. The assessment describes a significantly changed regional environment.
What do people in New England think about it?

Response. It is difficult to answer this question with more than anecdotal informa-
tion as I know of no recent New England specific public opinion work on this topic.
But on the evidence of newspaper articles, letters to the editor and many conversa-
tions with people in a variety of sectors, as well as national opinion polls and focus
groups, I would say that people are generally convinced that global warming is hap-
pening, that it is a serious problem and that we ought to do something about it,
sooner rather than later. In New England, there is growing concern about shorter
winters and the potential for increased drought and worse snow and ice conditions.
In southern New Hampshire, where I live, at least, it is a common topic of conversa-
tion that winters are warmer than they used to be and that summers appear hotter
and drier, with worse air pollution. People are particularly worried about the threat
to coasts, forests and public health. New Englanders appear to feel that there is a
lack of commitment to solving this problem in Washington, and in common with
peé)ple in many parts of the country they lay much of the blame on the oil and auto
industries.

Question 3. Has this year’s unusual weather and the drought in the Northeast en-
couraged people to pay closer attention to climate change issues?

Response. I don’t think there can be any doubt that the current drought and a
series of unusual and extreme weather events over the last few years have made
many people think much more seriously about the potential consequences of climate
change. Of course, no single weather event can be attributed to global warming, but
people see a pattern of change that is beginning to concern them.
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Question 4. As you and all the other witnesses indicated, it is not safe to continue
increasing greenhouse gas emissions without limit. What needs to be done to assure
that we can avert the point of no return or “dangerous levels” of greenhouse gas
concentrations?

Response. I believe that we need to take immediate action to reduce greenhouse
gas emissions. The current Senate 4-pollutant bill would be a very important step
forward if passed into law. Strengthened CAFE standards are also an essential ele-
ment of a strategy to prevent dangerous levels. We will eventually also need econ-
omy-wide measures to reduce greenhouse gases. In the near future we need to see
renewable portfolio standards and strong appliance efficiency standards as well as
increased incentives for the development and marketing of renewable energy tech-
nologies and building energy efficiency.

Question 5. What do you think is the greatest risk, in the next 30-50 years, of
continuing to increase human-made greenhouse gas emissions? And, what is the
most feasible way to reduce or eliminate that risk?

Response. The greatest risk is that we fail to act urgently and responsibly to
begin reducing greenhouse gas emissions. Failure to act will lock us into accel-
erating sea-level rise causing massive economic losses in the coastal zone and in-
creased loss of habitat and species extinction. The most feasible way to reduce the
risk is to regulate CO; first from power stations and then economy-wide, while at
the same time giving incentives for energy efficiency and the development and use
of renewable technologies and alternate sources of energy.

RESPONSES BY ADAM MARKHAM TO ADDITIONAL QUESTIONS FROM SENATOR SMITH

Question 1. Dr. Rowland testified that “during the 20th Century, the atmospheric
concentrations of a number of greenhouse gasses have increased, mostly because of
the actions of mankind.” Do you agree with that statement? Why or why not?

Response. I do agree with that statement, based on the conclusions of the Third
Assessment Report of the Intergovernmental Panel on Climate Change and the re-
cent review by the National Academy of Sciences.

Question 2. Dr. Pielke testified that “the primary cause for . . . growth in
impact[] is the increasing vulnerability of human and environmental systems to cli-
mate variability and change, not changes in climate, per se.” Do you agree with this
claim? Why or why not?

Response. While it is true that human and environmental systems are increas-
ingly vulnerable to climate change and variability, I do not believe that this is the
primary cause of growth in impacts (except perhaps in the particular case of fast
developing coastal areas). For example, worldwide glacier recession, melting perma-
frost and unprecedented bark beetle infestation in Alaska, earlier Northern hemi-
sphere spring and changes in species distribution are entirely independent of
human vulnerability.

Question 3. Dr. Pielke also stated that “the present research agenda is focused
. improperly on prediction of the distant climate future” and that “instead of ar-

guing about global warming, yes or no . . . we might be better served by addressing
things like the present drought. . . .” Do you agree with that proposition? Why or
why not?

Response. In general I do not agree with this statement. However, it is certainly
true that we need to increase and expand our research efforts to understand the
impacts of climate change. Improving the ability of computer models to simulate fu-
ture potential climate scenarios is an essential part of this effort. I do agree that
we are not well served arguing “yes or no” about global warming. There is clear sci-
entific consensus that we are already experiencing human induced global warming.

Question 4. Do you believe we should fully implement the Kyoto Protocol? Do you
agree with the assertion that full implementation of the Kyoto Protocol would only
avert the expected temperature change by 6/100 of a degree, Celsius? Why or why
not?

Response. Yes, I believe we should fully implement the Kyoto Protocol. As far as
I know the 6/100 of a degree figure is not within the generally accepted range of
impacts of the Kyoto Protocol, but I have not specifically reviewed the paper in
question. Nevertheless, it is generally accepted that the Kyoto Protocol targets are
merely first steps toward reaching the levels of atmospheric greenhouse gas con-
centrations that we need to stabilize at. The Kyoto Protocol contains review mecha-
nisms to allow policymakers to react to new scientific findings.
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Question 5. In the hearing there has been much press attention paid to the break-
up of the Antarctic Ice Sheet, especially a 500-billion ton iceberg known as “Larsen
B,” that has been attributed to climate change. What scientific evidence is there
that climate change is the sole cause of this phenomenon? Is there any scientific
evidence that anthropogenic influences bore any role in the breakup of Larsen B?

Response. I have no expert knowledge on this question.

Question 6. Included in the hearing record as part of my opening statement was
a Swiss Re report titled “Climate research does not remove the uncertainty; Coping
with the risks of climate change” (copy attached). Please explain why you agree or
disagree with the following assertions or conclusions from that report:

Response. “There is not one problem but two: natural climate variability and the
influence of human activity on the climate system.”

This statement is undoubtedly true and it is highly significant that the insurance
industry has recognized the addition of the new threat of human-induced climate
change.

“, . .1t is essential that new or at least wider-ranging concepts of protection are
developed. These must take into account the fact that the maximum strength and
frequency of extreme weather conditions at a given location cannot be predicted.”

I agree that under natural climate variability and in the case of increased vulner-
ability due to global warming, it is not possible to accurately predict the worst case
scenario for any individual weather event in a particular place. We can, however,
prepare for the likelihood of hanges infrequency and intensity of extreme events in
general and should expect to have to deal with worse impacts in the future. Risk
minimization can no longer be assessed in the expectation of a continuing stable cli-
mate.

“Swiss Reconsiders it very dangerous (1) to put the case for a collapse of the cli-
mate system, as this will stir up fears which—if they are not confirmed—will in
time turn to carefree relief, and (2) to play down the climate problem for reasons
of short-term expediency, since the demand for sustainable development requires
that today’s generations take responsible measures to counter a threat of this kind.”

I agree that we should not over-emphasize worst case scenarios and I agree
strongly that short-term expediency should not lead anyone to ignore or play down
the potential impacts of climate change. We should provide the best possible infor-
mation to the public and policymakers about the full range of potential scenarios
and impacts.

Question 7. Do you believe that our vulnerability to extreme weather conditions
is increasing? Why or why not?

Response. Vulnerability to extreme weather seems to be increasing. This is likely
because of changes in demographic patterns and, particularly, increased develop-
ment pressures in sensitive ecosystems and coastal areas.

RESPONSES BY ADAM MARKHAM TO ADDITIONAL QUESTIONS FROM
SENATOR VOINOVICH

Question la. Advocates of the Kyoto Protocol expect aggressive reductions in emis-
sions beyond 2012. Some advocate a global CO> concentration target of 550 ppm
CO2 by 2100 which will require substantial reductions in the emissions of developed
countries (including the United States). If a concentration target of 550 ppm by 2100
is adopted, what is your estimate of the caps on emissions for the United States
by 2050? By 2100?

Response. If such a target was adopted (as I believe it should be in order to safe-
guard U.S. ecosystems, communities and economic well-being) these caps would be
the subject of negotiations among the ratifying parties to the Kyoto Protocol. The
United States has given notice of its intent not to participate in such negotiations,
nor abide by their results.

Question 1b. Are you aware of any economic analysis of the impact of these reduc-
tions beyond the initial Kyoto target? If so, can you provide this analysis.
Response. I am not personally aware of any recent economic analysis of this sort.

%uisgion 2. Do your projections of impacts on New England depend on foreign
models?

Response. Some of the research results outlined in my testimony are based on for-
eign models, others are not. The New England Regional Assessment was carried out
under the auspices of the U.S. Global Change Research Program and at the time
of it’s initiation, the best available models were Canadian and British. If carried out
today, the best available models would certainly include the newest U.S. versions.
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Other studies dealing with Impacts of climate change on sugar maple forests, sea
level rise and ecosystems outlined in the report use both foreign and U.S. models
but rely mainly on U.S. developed climate models.

Question 3. Do your projections of impacts depend on using models to project re-
gional and local climate change?

Response. Most projections of potential climate impacts rely on model scenarios.
The computer models provide the best available tools for creating plausible future
climate scenarios in order to undertake risk and sensitivity analyses. Model sce-
narios do not provide predictions of future climate, only potential scenarios, based
on best current knowledge and analytical capability.

Question 4. What happens if the climate effects are lower than the lowest scenario
in the NERA study?

Response. Presumably there would be a different set of impacts from those
analysed in NERA, just as there would be if the climate effects were higher than
the highest scenario. NERA assessed a middle range of scenarios, not the highest
or lowest.

Question 5. Please provide your most recent filings of Form 990’s.
Response. Provided separately by fax. (Copy retained in the committee’s file.)

RESPONSE BY ADAM MARKHAM TO AN ADDITIONAL QUESTION FROM
SENATOR CAMPBELL

Question. You have given us multiple examples of the impacts of climate change
in New England and I am sure many of these would apply to the rest of the country
as well. My question to you is this: if we don’t know whether human activity is a
direct cause of the global change in climate, how can we make any determination
that a change in the energy policy of the United States could effectively prevent it
from continuing? Let’s assume that we can’t. Wouldn't it also be of great value for
us to find ways to reduce our vulnerability to climate change?

Response. Current scientific consensus is that emissions released to the atmos-
phere as a result of human activities are increasing atmospheric concentrations of
greenhouse gases and that this is the most likely cause of observed global warming
during the last century. The primary source of anthropogenic greenhouse gases is
the burning of fossil fuels so it stands to reason that changes in energy policy would
impact global warming.

I believe we should attempt to both reduce the source of the problem and reduce
our vulnerability to its impacts.

STATEMENT OF DR. SALLIE BALIUNAS, ASTROPHYSICIST, HARVARD-SMITHSONIAN
CENTER FOR ASTROPHYSICS

Fossil fuels currently provide around 84 percent of energy consumed in the United
States, and roughly 80 percent of the energy produced worldwide. Those energy re-
sources are key to improving the human condition and the environment.

Human use of fossil fuels has increased the amount of greenhouse gases, in par-
ticular, carbon dioxide, in the atmosphere. Carbon dioxide is essential to life on
Earth. Moreover, the greenhouse effect is important to life on Earth in that the
greenhouse gases help retain energy near the surface that would otherwise escape
to space. Based on ideas about how climate works, the small additional energy re-
sulting from the air’s increased carbon dioxide content should warm the planet.

Projections of future energy use, applied to the scientifically most sophisticated
computer simulations of climate, have yielded wide-ranging forecasts of future tem-
perature increases from a continued increase of carbon dioxide concentration in the
air. These have been compiled by the United Nations’ Intergovernmental Panel on
Climate Change (IPCC). The middle range forecast of their estimates of future
warming, based on expected growth in fossil fuel use without any curbs, is for a 1
degree Celsius increase between now and 2050. A simulation counting in the effect
of the as yet unimplemented Kyoto Protocol, negotiated in 1997 and calling for a
worldwide 5 percent cut in carbon dioxide emissions from 1990 levels, would reduce
that increase to 0.94C—an insignificant 0.06C cut (Figure 1). That means if in-
creased atmospheric concentrations of carbon dioxide are a major problem, then
much steeper cuts than those outlined in the Kyoto Protocol are warranted.

One key scientific question is: What has been the response of the climate thus
far to the small amount of energy added by humans from increased greenhouse
gases in the air? To prove the reliability of their future forecasts, computer simula-
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tions need verification by testing past, well-documented temperature fluctuations.
New Federal investment in technology, especially that of space-based instrumenta-
tion, has helped address the issue of observed response of the climate to the air’s
increased greenhouse gas concentration. Two capitol tests of the reliability of the
computer simulations are the past decades of surface temperature and lower tropo-
sphere change.

RECORD OF SURFACE TEMPERATURE

In the 20th century the global average surface temperature (Figure 2) rose about
0.5C, after a 500-year cool period called the Little Ice Age. The uncharacteristic cold
had followed a widespread warm interval, called the Medieval Warm Period (ca.
800—1200 C.E.). The 20th century warming trend may have a human component
attributable to fossil fuel use, which increased sharply in the 20th century. But a
closer look at the 20th century temperature shows three distinct trends:

First, a strong warming trend of about 0.5C began in the late 19th century and
peaked around 1940. Next, the temperature decreased from 1940 until the late
1970’s. Recently, a third trend has emerged—a modest warming from the late 1970’s
to the present.

Because about 80 percent of the carbon dioxide from human activities was added
to the air after 1940, the early 20th century warming trend had to be largely nat-
ural. Human effects from increased concentrations of greenhouse gases amount to
at most 0.1C per decade—the maximum amount of the surface warming trend seen
since the late 1970’s. This surface warming would suggest a temperature trend of
about 1C per century, which is less than that predicted by the computer simulations
of the air’s increased human-made greenhouse gas content. Accumulated over a cen-
tury, civilization will readily adapt to such a modest warming trend. However, the
recent trend in surface warming may not be primarily attributable to human-made
greenhouse gases.

RECORD OF LOWER TROPOSPHERE TEMPERATURE

Computer simulations of climate in which the air’s greenhouse gas concentrations
increase owing to human activities predict detectable warming not only near the
surface but also in the layer of air above the surface, the lower troposphere, which
rises in altitude from roughly two to eight kilometers. Records from NASA’s Micro-
wave Sounder Units aboard satellites extend back 21 years and cover most of the
globe (Figure 3). The satellite-derived record is validated independently by measure-
ments from NOAA balloon radiosonde instruments, and those records extend back
over 40 years (Figure 4). Those records show that the temperature of the lower tro-
posphere does vary, e.g., the strong El Nino warming pulse of 1997-98 is obvious.
However, no meaningful human warming trend, as forecast by the computer simula-
tions, can be found.

The radiosonde record from balloons confirms the results of the satellites. Al-
though the radiosonde record lacks the dense spatial coverage from satellites, the
radiosonde record extends back to 1957, a period that includes the recent rapid rise
in the air’s carbon dioxide concentration. The balloon record shows no warming
trend in global average temperature prior to the dramatic shift in 1976-77. That
warming, known as the Great Pacific Climate Shift of 1976—1977, is not attrib-
utable to human causes but is a natural, shift in the Pacific that occurs every 20
to 30 years, and can affect global average temperatures.

When compared to the observed response of the climate system, the computer
simulations all have forecast warming trends much steeper over the last several
decades than measured. The forecasts exaggerate to some degree the warming at
the surface, and profoundly in the lower troposphere.

The complexity of the computer simulations of climate is one reason the forecasts
are unreliable.! The simulations must track over 5 million parameters. To simulate
climate change for a period of several decades is a computational task that requires
10,000,000,000,000,000,000 degrees of freedom. To improve the forecasts, much bet-
ter information is required, including accurate understanding of the two major, nat-
ural greenhouse gas effects—water vapor and clouds.

NATURAL CLIMATE VARIABILITY: THE SUN’S INFLUENCE
Given the lack of an observed warming trend in the lower troposphere, the result
is that most of the surface warming in recent decades cannot owe to a human-

1W. Soon, S. Baliunas, S.B. Idso, K. Ya. Kondratyev and E.S. Posmentier, 2001, “Modeling
climatec effects of anthropogenic carbon dioxide emissions: unknowns and uncertainties,” Cli-
mate Research, 18:259-275. See attached.
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caused enhanced greenhouse effect. What might cause the surface warming, espe-
cially in the early 20th century when greenhouse gases from human activities had
not significantly increased in concentration in the atmosphere? The 20th century
temperature pattern shows a strong correlation to energy output of the sun (Figure
5). Although the causes of the changing sun’s particle, magnetic and energy outputs
are uncertain, as are the responses of the climate to the Sun’s various changes, the
correlation is pronounced. It explains especially well the early 20th century warm-
ing trend, which cannot have much human contribution.

Based on the key temperature measurements of the last several decades, the ac-
tual response of the climate to the increased concentration of carbon dioxide and
other human-made greenhouse gases content in the air has shown no significant
man-made global warming trend. The magnitude of expected human change is espe-
cially constrained by the observed temperature trends of the lower troposphere.

This means that the human global warming effect, if present, is small and slow
to develop. That creates a window of time and opportunity to continue and improve
observations and computer simulations of climate to better define the magnitude of
human-made warming. Proposals like the Kyoto agreement to sharply cut green-
house gas emissions are estimated in most economic studies to have enormous eco-
nomic, social and environmental costs. The cost estimates for the United States
alone amount to $100 billion to $400 billion per year. Those costs would fall dis-
proportionately on America’s and the world’s elderly and poor.

FIGURE CAPTIONS

Figure 1—Forecast of year-to-year temperature rise from years 2000 to 2050 C.E.
(thin line) assuming an increase in the air’s greenhouse gas concentration from
human activities, based on the Hadley Center’s model (UKMO HADCMS3 IS92A
version). The upper line (labeled “Without Kyoto”) is the linear trend fit to the mod-
el’s forecast temperature rise, without implementation of the Kyoto Protocol. The
lower line is the estimate of the impact on temperature with the implementation
of the Kyoto Protocol. By the year 2050, around 0.06C global warming is averted
by the implementation of the Kyoto Protocol.

Figure 2—Surface temperature changes sampled worldwide and analyzed by Cam-
bridge Research Unit (CRU) and NASA-Goddard Institute of Space Studies (GISS).
The pattern of 20th century temperature change has three distinct phases: an early
20th-century warming, a mid-century cooling, and a late 20th-century warming.

Figure 3—Monthly averaged temperatures sampled nearly globally for the lower
troposophere (roughly 5,000 to 28,000 feet altitude) from Microwave Sounder Unit
(MSU) instruments onboard NASA satellites. The large spike of warmth resulted
from the temporary natural warming of the Pacific Ocean by the 1997—1998 El
Nino event. The linear trend is +0.04C per decade (data are from Attp://
wwwghce.msfe.nasa.gov [ temperature /)

Figure 4—The seasonal average temperature anomaly sampled worldwide for the
lower troposphere as measured by radiosonde instruments carried aboard balloons.
Although a linear trend of +0.09C per decade is present if fitted across the entire
period of the record, that trend is affected by the presence of the abrupt warming
that occurred in 1976-1977, owing to the action of the Pacific Decadal Oscillation
(PDO). The trends before and after the 1976-1977 Great Pacific Climate Shift indi-
cate no evidence of a significant human-made warming trend (source of data http:/
/cdiac.esd.ornl.gov /ftp [ trends [ temp | angell | glob.dat)

Figure 5—Changes in the sun’s magnetism (as evidenced by the changing length
of the 22-year, or Hale Polarity Cycle, dotted line) and changes in Northern Hemi-
sphere land temperature (solid line) are closely correlated. The sun’s shorter mag-
netic cycles are more intense, suggesting periods of a brighter sun, then a fainter
sun during longer cycles. Lags or leads between the two curves that are shorter
than 20 years are not significant, owing to the 22-year timeframe of the proxy for
brightness change. The record of reconstructed Northern Hemisphere land tempera-
ture substitutes for global temperature, which is unavailable back to 1700 (S.
Baliunas and W. Soon, 1995, Astrophysical Journal, 450, 896).
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ABSTRACT: A likelihood of disastrous global environmental consequences has been surmised as a
result of projected increases in anthropogenic greenhouse gas emissions. These estimates are based
on computer climate modeling, a branch of science still in its infancy despite recent substantial strides
in knowledge. Because the expected anthropogenic climate forcings are relatively small compared to
other background and forcing factors (internal and external), the credibility of the modeled global and
regional responses rests on the validity of the models. We focus on this important question of climate
model validation. Specifically, we review common deficiencies in general circulation model (GCM}
calculations of atmospheric temperature, surface temperature, precipitation and their spatial and tem-
poral variability. These deficiencies arise from complex problems associated with parameterization of
multiply interacting climate components, forcings and feedbacks, involving especially clouds and
oceans. We also review examples of expected climatic impacts from anthropogenic CO, forcing. Given
the host of uncertainties and unknowns in the difficult but important task of climate modeling, the
unigue attribution of observed current climate change to increased atmospheric CO, concentration,
including the relatively well-observed latest 20 yr, is not possible. We further conclude that the incau-
tious use of GCMs to make future climate projections from incomplete or unknown forcing scenarios is
antithetical to the intrinsically heuristic value of models, Such uncritical application of climate models
has led to the commonly held but erroneous impression that modeling has proven or substantiated the
hypothesis that CO, added to the air has caused or will cause significant global warming. An assess-
ment of the merits of GCMs and their use in suggesting a discernible human influence on global cli-
mate can be found in the joint World Meteorological Organisation and United Nations Environmental
Programme’s Intergovernmental Panel on Climate Change {IPCC} reports (1990, 1995 and the up-
coming 2001 report]. Qur review highlights only the enormous scientific difficulties facing the calcu-
lation of climatic effects of added atmospheric CO; in a GCM. The purpose of such a limited review of
thte deficiencies of climate model physics and the use of GCMs is to illuminate areas for improvement.
Our review does not disprove a significant anthropogenic influence on global climate.
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1. INTRODUCTION lation of the future trajectory of the air's CO, concentra-

A complete and comprehensive calculation of the
effects of increasing atmospheric CO, concentration
mnust overcome 3 closely connected problems: {1} calcu-
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tion, {2 calculation of its climatic effects, and (3) sepa-
ration of the CO, impacts from other climatic changes.

The first problem involves humanity's impact on the
global carbon budget. Anthropogenic emissions of CO,
are mainly the result of fossil fuel {coal, gas and oil)
use, which is related to energy consumption and,
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hence, the world economy. One convenient scheme
studies these relationships within the framework of 4
independent variables: CO, released per unit energy,
energy consumed per unit of economic output, eco-
nomic output per person and population (Hoffert et al.
1998, Victor 1998).

That perspective raises one major guestion—Can
economy and technology be sufficiently well pre-
scribed that future energy consumption can be reliably
predicted? —and leads to a subsequent question—
‘What controls the physical exchanges of CO, and how
de these factors control the apportionment of anthro-
pogenic CO, emissions among various reservoirs of the
climate system? With respect to these questions, we
note that about one-third of humanity's carbon pro-
duction has remained in the atmosphere, with a less
certain division between the terrestrial biosphere and
oceans (Field & Fung 1999, Joos et al. 1999, Rayner et
al. 1999, Giardina & Ryan 2000, Schimel et al. 2000,
Valentini et al. 2000, Yang & Wang 2000}, while eco-
nomic prediction is a notoriously complex proposition
that is even less well defined {Sen 1986, Arthur 1999},

The second and third problems belong to the natural
sciences. Here, climate scientists seek a theory capable
of describing the thermodynamics, dynamics, chem-
istry and biology of the Earth's atmosphere, land and
oceans. Another fundamental barrier to our under-
standing and description of the climate system is the
inherent unpredictability of even a seemingly deter-
ministic set of equations beyond a certain time horizon
{Lighthill 1986, Essex 1991, Tucker 1999). The good
news is that attempts to estimate the global weather or
climate attractor directly from the primitive equations
governing large-scale atmospheric motions yield a
finite bound (Lions et al. 1997).

An additional difficulty concerns the logistics of
modeling a system with spatial and temporal scales
that range from cloud microphysics to global circula-
tion, Fortunately, this difficulty can be circumvented
because of empirical 'loopholes’ such as the existence
of gaps in the energy spectrum of atmospheric and
oceanic motions that allow for the separation of various
physical and temporal scales. If, for example, climate is
viewed as an average over a hypothetical ensemble of
atmospheric states that are in equilibrium with a
slowly changing external factor, then, under a regular
external forcing factor, one may hope to anticipate the
change (Houghton 1991, Palmer 1999). Essentially all
calculations of anthropegenic CO, climatic impacts
make this implicit assumption (Palmer 1999). But, in
order for such a calculation to have predictive value,
rather than merely to represent the sensitivity of a par-
ticular model, a model must be validated specifically
for the purpose of its type of prediction. As a case in
point, we note that in order to predict climate re-

sponses to individual forcings such as the long-lifetime
greenhouse gas (GHG) CO,, the shorter-lifetime GHG
CH,, the inhomogenously distributed tropospheric Oy
and atmospheric aerosels, separate and independent
validations are required. A logistically feasible valida-
tion for such predictions is essentially inconceivable.

The downside of exploiting the energy gap loophole
is that relevant physical processes must be parameter-
ized in simple and usable forms. For example, most
general circulation models (GCMs) treat radiation with
simple empirical schemes instead of solving the equa-
tions for radiative energy transfer {Shutts & Green
1978}, Chemical and biological changes in the climate
system are also highly parameterized, Clearly some
empirical basis and justification for these parameteri-
zations can be made but because the real atmosphere
and ocean have many degrees of freedom and connec-
tions among processes, there is no guarantee that the
package assembled in a GCM is complete or that it can
give us a reliable approximation of reality (Essex 1991).

Going beyond the issue of limited computing re-
sources, Goodman & Marshall (1999} and Liu et al.
{1999} have elaborated on various schemes of synchro-
nous and asynchronous coupling for the highly com-
plex atmosphere and ocean GCMs, while warning
of the extreme difficulty inherent in deciphering the
underlying physical processes of the highly tangled
and coupled responses. A call to eschew the direction
of all efforts into the scale-resolved physical approach
in current formulations of GCMs has also been voiced
by Kirk-Davidoff & Lindzen (2000).

Another important point has been raised by Oreskes
et al. (1994): it is impossible to have a verified and
validated numerical climate model because natural
systems are never closed and model results are always
non-unique, It follows from Oreskes et al. that the
intrinsic value of a climate model is not predictive but
heuristic. Therefore, the proper use of a climate model
is to challenge existing formulations (i.e., a climate
model is built to test proposed mechanisms of climate
change) rather than to predict unconstrained scenarios
of change by adding CO, to the atmosphere.

2. SIMULATING CLIMATE VARIABLES

Consider the nominal, globally averaged number of
2.5 W m"? that is associated with the total radiative
forcing provided by the increases of all GHGs since the
dawn of the Industrial Revolution. Alternatively, con-
sider a doubling of the air's CO, concentration that
adds about 4 W m™? to the troposphere-surface system.
In order to appreciate the difficulties of finding climatic
changes associated with these forcings, it is only nec-
essary to consider the energy budget of the entire
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earth-climate system. Neglecting the nonphysical flux
adjustments for freshwater, salinity and wind stress
{momentum) that are also applied in many contempo-
rary GCMs (see discussion in Gordon et al. 2000,
Mikolajewicz & Voss 2000), there are artificial energy
or heat flux adjustments as large as 100 W m? that are
used in some GCMs to minimize unwanted drift in
the ocean-atmosphere coupied system (Murphy 1995,
Glecker & Weare 1997, Cai & Gordon 1999, Dijkstra &
Neelin 1999, Yu & Mechoso 1999).

Models that attempt to avoid artificial heat flux
adjustments {are no better because of other substantial
biases, including major systematic errors in the compu-
tation of sea-surface temperatures and sea ice over
many regions, as well as large salinity and deep-ocean
temperature drifts (Cai & Gordon 1999, Russell & Rind
1998, Yu & Mechose 1999, Gordon et al. 2000, Russell
et al. 2000}. Also, uncertain global energy budgets
implicit in all GCMs vary by at least 10 W m2in em-
pirically deduced fluxes for the shortwave and long-
wave radiation and latent and sensible heat within the
surface-atmosphere sysiem {Kiehl & Trenberth 1997}.
In addition, Grenier et al. (2000} have called for a
simultaneous focus on tropical climate drift caused by
heat budget imbalances at the top of the atmosphere
while balancing the surface heat budget, because
systematic biases in outgoing longwave radiation of as
large as 10 to 20 W m™ are not uncommon in coupled
ocean-atmosphere GCMs.

Those artificially modified and uncertain energy
components of contemporary GCMs place severe con-
straints on our ability to find the imprint of a mere
4 W m? radiative perturbation associated with anthro-
pogenic CO, forcing over 100 to 200 yr in the climate
system. This difficulty explains why all current GCM
studies of the climatic impacts of increased atmospheric
CO; are couched in terms of relative changes based on
control, or unforced, GCM numerical experiments that
are known a priori to be incomplete in their forcing and
feedback physics. Soon et al. (1999), for example, iden-
tified documented problems associated with models’
underestimation or incorrect prediction of natural cli-
mate change on decade-to-century time scales. Some of
those problems may be connected to difficulties in
modeling both the natural uniorced climate variability
and suspected climate forcings from volcanic eruptions,
stratospheric ozone variations, tropospheric aerosol
changes and variations in the radiant and particle
energy outputs of the sun. Another predicament is the
inability of short climatic records to reveal the range of
natural variability that would allow confident assess-
ment of probability of climatic changes on time scales of
decades to centuries. Most importantly, it is premature
to conclude on the basis of the magnitude of forcing—
4 W m2 for a doubling of CO, versus 0.4 W m™? for

July insolation changes at 60° N induced by the earth's
orbital variations over about 100 yr, a contrast made
by Houghton (1991} -—that the climatic changes by
human-made CO, will overwhelm the more persistent
effects of a positional change in the earth's rotation axis
and orbit. The latter form of climate change through
gradual insolation change is suspected to be the cause
of historical glacial and inter-glacial climate oscilla-
tions, while the potential influence of added CQO, can
only be guessed from our experiences in climate mod-
eling. In addition, it would also be premature to con-
clude on the basis of the magnitude of approximately
0.5 to 1.0 W m™ forcing by the intrinsic solar variation
on decade-to-century scale, versus the 0.4 W m? for
July insolation changes at 60°N, that the climatic im-
pact of variable solar irradiance forcing should be less
dramatic than that of the Pleistocene glacial cycles.

Historical evidence reveals natural occurrences of
large, abrupt climatic changes that are not uncommon
(Alley 2000). They occur without any known causal ties
to large radiative forcing change. Phase differences be-
tween atmospheric CO; and proxy temperature in his-
torical records are often unresolved; but atmospheric
CO, tends to follow rather than lead temperature and
biosphere changes {Priem 1997, Dettinger & Ghil 1998,
Fischer et al. 1999, Indermiihle et al. 1999}, In addition,
there have been geological times of global cooling with
rising CO; (during the middle Miocene about 12.5 to
14 Myr BP, for example, with a rapid expansion of the
East Antarctic ce Sheet and with a reduction in chemi-
cal weathering rates), while there have been times of
global warming with low levels of atmospheric CO,
{such as during the Miocene Climate Optimum about
14.5 to 17 Myr BP, noted by Panagi et al. 1999). In order
to cast the anthropogenic or natural CO, forcing as the
cause of rapid climate change, various complex climatic
feedback and amplification mechanisms must operate.
Most of those mechanisms for rapid climatic change are
neither sufficiently known nor understood (Marotzke
2000, Stocker & Marchal 2000), (Apparently, a fast
trigger such as increased atmospheric methane from
rapid release of trapped methane hydrates in per-
mafrosts and on continental margins, through changes
in temperature of intermediate-depth (a few hundred
meters below sea level) water, may be one example of
a key ingredient for amplification or feedback leading
to large climatic change [Kennett et al. 2000].)

2.1. Temperature

How well do current GCMs simulate atmospheric
temperatures? As noted by Johnson (1997), the ap-
pearance of the IPCC {1990) report marks the recogni-
tion that all GCMs suffer from the ‘general coldness
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Fig. 1. {a) Dustration of the cold-temperature bias p in the troposphere in si i produced by 14 different GCMs.

{Note that some GCMs produced more than 1 simulation so that the total number of cases compiled for each of the 6 regions can
be more than 14}, Indicated in each box are the model temperature biases relative to observations. {From Johnson 1997). In
Regions 1, 3 and 5, model results consistently show a cold bias. (b} Note that the cold-bias problem-~-the fact that most GCM
curves lie to the left of the observed temperature line labeled TOVS.~extends into the styatosphere, (From Pawson et al. 2000)

problem’, particularly in the lower tropical troposphere
and upper polar troposphere {Regions 1, 3 and 5 in
Fig. 1a, which make a total of 105 simulations}. The
general coldness problem is seen in 104 out of the 105
outcomes in Regions 1, 3 and 5, from 35 different
simulations by 14 climate models.

‘What is the cause of that ubiquitous error? Johnson
{1997) suggests that most GCMs may suffer from ex-
treme sensitivity to systematic physical entropy sources
introduced by spurious numerical diffusion, Gibbs
oscillations or inadequacies of sub-grid-scale parame-
terizations. Johnson estimated that a biased tempera-
ture of 10°C may be expected from only a 4% error in
modeling net heat flux that is linked to any number
of a physical entropy sources (including those arising
from numerical problemns with the transport and change
of water substances in forms of vapor, liquid and ice
and the spurious mixing of moist static energy). The
analysis of Egger {1999} seems to support this resuit
and calls for the evaluation of high-order statistical
moments such as entropies to check on the quality of
numerical schemes in climate models. A follow-on de-
tailed numerical study by Johnson et al. (2000} sheds
turther light on how this critical cold-bias difficulty

associated with spurious positive definite entropy con-.
taminates the computation of hydrologic and chemical
processes (by virtue of their strong inhereni depen-
dence on temperature). It is estimated that error in
saturation-specific humidity doubles for every 10°C
increase in temperature.

The coldness problem also extends fo the stratos-
phere (Fig. 1b}, where Pawson et al. {2000) have shown
that the cold bias is more uniformly distributed. The
range of the cold bias in the globally mean tempera-
tures is about 5 to 10°C in the troposphere and greater
than 10°C for the stratosphere. Pawson et al. suggest
that the particular coldness problem for the strato-
sphere is more likely associated with problems in
physics such as the underestimation of radiative heat-
ing rates, because models have too little absorption of
solar radiation by ozone in the near infrared. Alterna-
tively, perhaps there is too much longwave emission in
the middle atmosphere so that climate models over-
cool their stratospheres. Other unresolved problems
concern the physical representation of gravity wave
momentum deposition in the stratosphere and meso-
sphere, and the generation of gravity waves in the
troposphere {Mclntyre 1999},
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problem’, particularly in the lower tropical troposphere
and upper polar troposphere {Regions 1, 3 and 5 in
Fig. 1a, which make a total of 105 simulations}. The
general coldness problem is seen in 104 out of the 105
outcomes in Regions 1, 3 and 5, from 35 different
simulations by 14 climate models.

‘What is the cause of that ubiquitous error? Johnson
{1997) suggests that most GCMs may suffer from ex-
treme sensitivity to systematic physical entropy sources
introduced by spurious numerical diffusion, Gibbs
oscillations or inadequacies of sub-grid-scale parame-
terizations. Johnson estimated that a biased tempera-
ture of 10°C may be expected from only a 4% error in
modeling net heat flux that is linked to any number
of a physical entropy sources (including those arising
from numerical problemns with the transport and change
of water substances in forms of vapor, liquid and ice
and the spurious mixing of moist static energy). The
analysis of Egger {1999} seems to support this resuit
and calls for the evaluation of high-order statistical
moments such as entropies to check on the quality of
numerical schemes in climate models. A follow-on de-
tailed numerical study by Johnson et al. (2000} sheds
turther light on how this critical cold-bias difficulty

associated with spurious positive definite entropy con-.
taminates the computation of hydrologic and chemical
processes (by virtue of their strong inhereni depen-
dence on temperature). It is estimated that error in
saturation-specific humidity doubles for every 10°C
increase in temperature.

The coldness problem also extends fo the stratos-
phere (Fig. 1b}, where Pawson et al. {2000) have shown
that the cold bias is more uniformly distributed. The
range of the cold bias in the globally mean tempera-
tures is about 5 to 10°C in the troposphere and greater
than 10°C for the stratosphere. Pawson et al. suggest
that the particular coldness problem for the strato-
sphere is more likely associated with problems in
physics such as the underestimation of radiative heat-
ing rates, because models have too little absorption of
solar radiation by ozone in the near infrared. Alterna-
tively, perhaps there is too much longwave emission in
the middle atmosphere so that climate models over-
cool their stratospheres. Other unresolved problems
concern the physical representation of gravity wave
momentum deposition in the stratosphere and meso-
sphere, and the generation of gravity waves in the
troposphere {Mclntyre 1999},
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Fig. 3. Comparison of the observed (thick selid line) tropical-mean inter-
annual variations of {a) precipitation (<8P>}, {b) total precipitable water
vapor (<8W>), (c}) temperature at 200 mb {<8T;0:>), {d) outgoing longwave
sadiation (OLR) at the top of the atmosphere {<3OLR>), and {e) the net
4 longwave radiation at the surface (<8LW>) with the ensem-
ble-mean of 30 AMIP GCM results {the thin solid curve overlaid with
vertical lines showing the range of 1 intermodel standard deviation of the
ensemble mean). Contrast the good agreéement for simulated water vapor,
200 mb temperature and OLR with the internally inconsistent results for
precipitation and net surface longwave radiation. (All climate si i
were forced with observed SST.) (From Soden 2000)

agreement between observations and model simula-
tions of precipitation and net downward longwave
radiation at the surface. Considering especially the
more direct association of latent heat release from pre-
cipitation of moist air to the warming and cooling of
the atmosphere, Soden (2000) warned that the good
agreement between the observed and modeled iem-
perature at 200 mb {Fig. 3¢} is surprising in light of
the large differences for a simultaneous comparison of
the precipitation field (Fig. 3a).

This comparison suggests that the temperature
agreement at 200 mb could be fortuitous, since the
atmospheric GCMs were forced with observed sea-
surface temperatures, while the modeled interannual
variabilities of the hydrologic cycle are seriously un-
derestimated by a factor of 3 to 4. Based on the models’
relatively constant values of downward longwave radi-
ation reaching the surface (Fig. 3e), Soden (2000}
points to possible systematic errors in current GCM
representations of low-lying boundary layer clouds.
However, the study cannot exclude the possibility of

errors in algorithms that retrieve precipita~
tion data from observations made by satel-
lites, which would emphasize the need for
improved precipitation products.

2.3. Water vapor

Soden (2000) highlighted the positive abil-
ity of GCMs to simulate the correct sign and
magnitude of the observed water vapor
change in Fig. 3b. This conclusion agrees
with the extensive review by Held & Soden
{2000} on water vapor feedbacks in GCMs.
Held & Soden called for a clearer recognition
of GCMs’ proficiency in calculating the water
vapor feedback (which diagnoses model abil-
ity to simulate the residual between eva-
poration and precipitation rather than evapo-
ration or precipitation per se) versus GCMs'
representation of the more complicated
physics related to the cloud forcing and
feedback.

However, it is important to add that the
latest analyses of the interannual correlation
between fropical mean water vapor content
of the atmosphere and its surface value con-
tinue to show significant differences for the
vertical patterns derived from rawinsonde
data and outputs of GCMs, including those
of the newer AMIP2 study (Sun et al. 2001).
Essentially, in comparison with rawinsonde
data, GCMs exhibit too strong a coupling
between mid-to-upper tropospheric water

vapor and surface water vapor. Water vapor in GCMs
has also been found to have a stronger dependence on
atmospheric temperature than the empirical relation
deduced from observations.

Finally, purely numerical problems also exist; they
are associated with physically impossible, negative
specific humidity in the Northern Hemisphere (NH)
extra-tropics caused by problematic parameterization
of steep topographical features {Rasch & Williamson
1990, Schneider et al. 1999).

2.4. Clouds

In Fig. 4, we show the sensitivity of the parameteri-
zation of the large-scale formation of cloud cover that
is used in one state-of-the-art model (Yang et al. 2000}.
As parameterized, cloud cover is extremely sensitive to
relative humidity, U, and to both U, the saturated rela-
tive humidity within the cloud, and Uy, the threshold
relative humidity at which condensation begins. The
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Fig. 4. The parameterized cloud cover is very sensitive {con-
trasted by cases A, B and C} to relative humidity, U, and to
values of U, the saturated relative humidity within the cloud,
and Uy, the threshold relative humidity at which conden-
sation begins. (From Yang et al. 2000)

creators of this GCM discuss how the formula is used to
tune the formation of clouds {through large-scale con-
densation at high latitudes or near-polar regions) by
20 to 30 % in order to match what is observed.

Other researchers, such as Grabowski {2000}, em-
phasize the importance of the proper evaluation of
the effects of cloud microphysics on tropical climate
by using models that directly resolve mesoscale dy-
namics. Grabowski points out that the main effect of
cloud microphysics is on the ocean surface rather than
directly on atmospheric processes. Because of the
great mismatch between the time scales of oceanic
and atmospheric dynamics, Grabowski was pessimistic
about quantifying the relation between cloud micro-
physics and tropical climate. Clearly, the parameteri-
zations of cloud microphysics and cloud formation pro-
cesses, as well as their interactions with other variables
of the ocean and atmosphere, remain major challenges
for climate modelers.

3. EXPECTED OUTCOMES OF CO, FORCING

Given the range of uncertainties and numerous un-
knowns associated with parameterizations of impor-
tant climatic processes and variables, what should one
expect from current GCMs for a scepario with an
increased CO, forcing? The most commeon difficuity
facing the interpretation of many GCMs resulls is
related to confusion arising from imposed natural and
anthropogenic forcings that may or may not be inter-
nally consistent. This is why Bengtsson et al. {1999}
and Covey (2000} have called for more inclusive con-
sideration of all climate forcings, accurately known
or otherwise, rather than a piecemeal approach that
yields oversimplifications.

Many qualitative outcomes of forcing by anthro-
pogenic GHGs have been postulated, such as changes
in standard ocean-atmosphere variables of wind, water
vapor, rain, snow, land and sea ice, sea level, and
the frequency and intensity of extreme events such as
storms and hurricanes (Soon et al. 1999), as well as
mare exotic phenomena, including large cooling of the
mesosphere and thermosphere {Akmaev & Fomichev
2000}, increased presence or brightness of noctilucent
clouds near the polar summer mesopause {Thomas
1996, but see Gadsden 1998), increases in atmospheric
angular momentum and length of day {Abarca del Rio
1999, Huang et al. 2001), and shrinking of surfaces of
constant density at operating satellite altitudes (Keat-
ing et al. 2000). In these calculations, the benchmark
forcing scenario is usually an emission rate of 1% yr™*
chosen to represent roughly the CO, equivalent of the
burden of all anthropogenic GHGs.

Although some of these studies claim an observa-
tional defection consistent with modeled CQO; effects, it
is clear that even the theoretical claims, with their
strong bias towards accounting for only the effects of
GHGs, are neither robust nor internally consistent. A
good example is the prediction for the change of the
Arctic Oscillation {AO) patfern of atmospheric circ-
ulation by the year 2100. The AO is one of the key
variability patterns of the wintertime atmospheric cir-
culation over the NH, characterized broadly by a re-
distribution of air mass between polar regions and
midlatitudes. Here, Zorita & Gonzalez-Rouco (2000}
found, using results from 2 different GCMs and a total
of 6 simulations with different initial conditions, that
both upward and downward tendencies in the inten-
sity of the AQ circulation pattern are likely under the
same scenario of increasing atmospheric CO, Ap-
parently, internal model variability dominates those
effects from the external forcing of CO; and leads to an
ambiguous expectation for a CO,-related signal in the
modeled AQ variability. This re-emphasis on unforced
internal variability is consistent with the recent classi-
fication of the observed vertical structures of the AO
into distinct perturbations originating in the tropos-
phere versus stratosphere by Kodera & Kuroda (2000).
Besides cautioning about the lack of robustness of
previous claims for the AO owing to increased CO,
forcing, Zorita & Gonzdlez-Rouco highlighted the
direct impact of that unknown on the calculation of
the NH's regional climate change in the extratropics.

Some theoretically predicted CO, effects are not
detectable unless a very high, or even extreme, level of
CO, loading is imposed. It is also predicted that a tran-
sient GCM experiment forced with the slightly lower
CO, emission growth rate of 0.25% yr~!, as opposed to
the present growth rate of 0.4% yr-!, will ultimately
lead to a relatively larger sea-level rise (based only on
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the thermal expansion of sea water;
Stouffer & Manabe 1999). By the time
the atmosphere’s carbon dioxide content
is doubled, an additional 15 cm rise {the

Table 1. Observations and predictions {both unforced GCM and CO,-forced
GCM results) of seasonal and annual Northern Hemisphere (NH) equator-to-
pole surface temperature gradients {in °C per 5° latitude; EPG} and ocean-
land surface temperature contrasts {in °C; OLC). {From Jain et al. 1989)

calculated global sea level rise for the EPG oLe
emission case of 0.4% yr! is roughly Annual Summer Winter Annual Summer Winter
27 cm) is expected because the atmo- {JIA)  (DIR) JJA}  (DIF
spheric heating anomaly of a world in

which the carbon-dioxide emission rate NH observations 3.1 -20 -39 03 -5 6.5
is slower will have more time to pene- GCM unforced -2.8 -17 -3.8 3.8 -3.8 114
trate deep into the ocean, thereby caus- GCM COpforced -2.7  ~16  -36 33 —44 109

ing arelatively larger thermal expansion
of seawater and hence a larger rise in the
sea level.

One example of a problem with estimating the
effects of a high level of atmospheric CO; loading con-
cerns potential changes in ENSO characteristics, for
which no statistically significant change is predicted
until the anthropogenic forcing is 4 times the preindus-
trial value {Collins 2000aj. On the other hand, Collins
(2000b) subsequently reported a surprising result—no
significant change in ENSO characteristics occurred
for a similar 4 x CO, numerical experiment, based on
an updated GCM with improved horizontal ocean res-
olution and no heat flux adjustment. Collins concluded
that calculating ENSO response to increasing GHG
forcing can depend sensitively and nonlinearly on
subtle changes in model representations of sub-grid
processes (rather than depending on gross model para-
meters such as ocean resolution and heat flux adjust-
ment that are the main differences between the new
and old versions of GCM he used)}. Thus, exploration
of the parameter-space of coupled ocean-atmosphere
GCMs, Collins concludes, is crucial for improved
understanding. As for the statistics of recent ENSO
variability, Timmermann {1999} has shown that the
observed changes are not inconsistent with the nuli
hypothesis of natural variability of a non-stationary cli-
mate. In addition, the careful case study by Landsea &
Knaff (2000} confirmed the fact that no current climate
model provided both useful and skillful forecasts of the
entire 19971998 El Nifio event.

3.1, Expected changes in seasonal temperatures?

We will consider 3 responses under the typical
equivalent COp-forcing scenario of 1% yr!, starting
with the seasons. Is the CO,-forced change expected to
alter the character of seasonal cycles? If so, how do
predictions compare with what is observed, at least
over the last few decades?

Jain et al. (1999) examined this question by consider-
ing 3 parameters for the NH surface temperature: the
mean temperature's amplitude and phase, the equator-

to-pole surface temperature gradient {EPG), and the
ocean-land surface temperature contrast (OLC).

A comparison of observed and modeled EPG and
OLC climatologies is summarized in Table 1. The re-
sults show that expected changes owing to CO; forcing
are often very small when compared to differences be-
tween the unforced GCM and observed values in EPG
and OLC. Hence, detecting CO, effects in seasonal dif-
ferences of EPG and OLC may not be feasible.

Jain et al. {1999) did find significant differences
between observed interannual and decadal trends of
both EPG and OLC and results obtained from CO,-
forced climate experiments. For example, the CO,-
forced run produced a statistically significant increase
in amplitude {and delay in phase) for the seasonal
cycle of OLC. But no change was observed in the
real world. Worse yet, even the unforced experiment
vielded a statistically significant increase in the ampli-
tude of the OLC seasonal cycle, which makes the
search for a CO; signal via this means almost impossi-
ble. It was determined, however, that the amplitude of
the annual cycle of NH surface temperature decreased
in a way consistent with results obtained from the CO,-
forced experiment. On the other hand, the observed
trend in phase shows an advance of the seasons rather
than the delay derived from the models. Jain et al. offer
3 possible reasons for the disagreement: the use of
model flux corrections, the significant impact of low-
frequency natural variability, and sampling problems
associated with the observations. An obvious fourth
possibility is that the model results are incorrect, and
the obvious fifth is that CO, forcing has not affected
those variables.

In light of these difficulties, seasonal cycles are prob-
ably not good ‘fingerprints’ for identifying the impact
of anthropogenic CO,. This conclusion seems con-
sistent with the independent finding by Covey et al.
{2000) that showed seasonal cycle amplitude to de-
pend only weakly on equilibrium climate sensitivity
{i.e., equivalent to a varying climate forcing in the pre-
sent comparison}, based on the range of results from 17
coupled ocean-atmosphere GCMs from the CMIP. If
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these results are correct, then it is odd that seasonality
in forcing {from geometrical changes in solar insolation
by changing tilt angle of the earth's rotation axis and
the earth’s orbital position around the sun} is believed
to cause very large changes in mean climate, but
significant changes in mean forcing, e.g., from atmo-
spheric CO,, cause only insignificant changes in the
seasonal climatology.

3.2. Expected changes in clouds?

Next, consider clouds. Given the complexity of rep-~
resenting their relevant processes, can one expect to
find a CO,-forced imprint in clouds?

First, as Yao & Del Gino {1998} have noted, it is mis-
leading to assert that increased cloud cover is evidence
of CO,-produced global warming (i.e., a warming cli-
mate with more evaporation and, hence, more clouds).
This is so because cloud cover depends more on rela-
tive humidity than on specific humidity. For example,
under CO,-doubling experiments with different para-
meterization schemes, Yao & Del Gino {1999) pre-
dicted a decrease in global cloud cover, although there
was an increase in mid- and high-latitude continental
cloudiness. They also cautioned that because a ‘phys-
ical basis for parameterizing cloud cover does not yet
exist,” all predictions about cloud changes in response
to rising atmospheric CO, concentrations should be
viewed carefully. »

Others, such as Senior {1999), have emphasized the
importance of including parameterizations of interac-
tive cloud radiative properties in GCMs and called for
a common diagnostic output such as the water path
length within the cloud in control (unforced} experi-
ments. On another research front, Rotstayn {1999} im-
plemented the detailed microphysical processes of a
prognostic cloud scheme in a GCM and found a large
difference in the climate sensitivity between that ex-
periment and one with a diagnostic treatment of clouds.
A stronger water vapor feedback was noted in the run
with the prognostic cloud scheme than in the run with
the diagnostic scheme, and that stronger water vapor
feedback caused a strong upward shift of the tropo-
pause upon warming. Rotstayn found that an artificial
restriction on the maximum heights of high clouds in
the diagnostic scheme largely explained the differ-
ences in climatic response.

At this stage of incremental learning we conclude
that no reliable predictions currently exist for the
response of clouds to increased atmospheric CO,. So
sensitive are certain cloud feedbacks to cloud micro-
physics, for example, that a lowering of the radius of
low-level stratus-cloud droplet size from 10 to 8 pm
would be sufficient to balance the warming from a

doubling of the air's CO, concentration. Likewise, a
4% increase in the area of stratus clouds over the glabe
could also potentially compensate for the estimated
warming of a doubled atmospheric CO; concentration
{Miles et al. 2000).

3.3. Expected changes in the oceans?

Finally, consider the oceans. Under an increased
atmospheric CO, forcing, e.g., of 1% yr!, one com-
monly predicted transient response is a weakening of
the North Atlantic thermohaline circulation (THC},
owing to an increase in freshwater influx (Dixon et al.
1999, Rahmstorf & Ganopolski 1999, Russell & Rind
1999, Wood et al. 1999, Mikolajewicz & Voss 2000: see
Fig. 5a). However, with an improved representation of
air-sea interactions in the tropics, the significant weak-
ening (or even collapse under stronger and persistent
forcing) of the THC predicted by earlier GCMs cannot
be reproduced (Latif et al. 2000: see Fig. 5b}. (While
considering Latif et al.'s results in Fig. 5b, it is useful to
note from Fig. 5a that the coarser version of the Max
Planck Institut fiir Meteorologie at Hamburg (MPl}
model actually did predict a weakening of thermo-
haline circulation just like the other models in Fig. 5a.)

In another GCM experiment, Russell & Rind {1999)
observed that, despite a global warming of 1.4°C near
the time of CO, doubling, large regional cooling of up
to 4°C occurred in both the North Atlantic Ocean
{56-80°N, 35°W-45°E} and South Pacific (near the
Ross Sea, 60-72° 5, 165° E~115° W) because of reduced
meridional poleward heat transfer over the North
Atlantic and local convection over the South Pacific.
However, Russell et al. {2000} later demonstrated that
the predicted tegional changes over the Southern
Ocean were unreliable because of the model's exces-
sive sea ice variability. Another GCM's high-latitude
southern ocean suffered a large drift {Cai & Gordon
1999). For example, within 100 yr after coupling the
atmosphere to the ocean, the Antarctic Circumpolar
Current was noted to intensify by 30 Sv {from 157 to
187 Sv), despite the use of flux adjustments. Cai &
Gordon identified the instability of convection patterns
in the Southern Ocean to be the primary cause of this
drift problem.

Mikolajewicz & Voss {2000} further caution that
there is still significant confusion about what mecha-
nisms are most responsible for the weakening of the
THC in various models, since different GCMs give con-
trasting roles to individual atmospheric and oceanic
fluxes of heat, moisture, salinity and momentum.

In addition, several oceanographers (Bryden 1999,
Holloway & Saenko 1999) have expressed concern
about the lack of both physical understanding and
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Fig. 5. Predicted {a} large changes {20 to 50 % reductions in overturning rate by 2100} in the thermohaline circulation {THC} for 6
different coupled climate models {from Rahmstorf 1999) versus (b} a relatively stable THC response in a state-of-the-art MPI
GCM with improved spatial resolution of tropical ocean {from Latif et al. 2000} under a similar CO;-forced scenario. The quantity
shown is the maximum North Atiantic overturning flow rate in sverdrups (10° m® s™') at a depth of about 2000 m. Wood et al.
{1999} noted, h . that the of the THC gth for the meridional overturning adopted here cannot be estimated
from observations. They proposed the Greenland-Iceland-Scotland ridge, south of Cape Farewell at the southemn tip of Greenland
and the trans-Atlantic section at 24° N as 3 locations where more robust observations are available for comparison with GCM results

realistic representation of ocean circulation in global
models. Criticisms were especially directed towards
the highly schematic representation of the North At-
lantic THC as a conveyor belt providing linkages to the
world’s oceans.

Holloway & Saenko (1999) state that: ‘'understanding
what makes the conveyor work is deficient, drawing
mainly on the role of buoyancy loss leading to sinking
{is] somewhat like trying to push a string. The missing
dynamics are that eddies in the presence of bottom
topography tend to set up mean flows that carry major
circuits of the conveyors, allowing sunken water
masses to ‘go for the ride’. Climate models have diffi-
culty in both these regards — to include (if at all} {sic.]
a plausible Arctic Ocean and to deal with eddies either
explicitly or by parameterization.’

In spite of those problems, a complete breakdown of
the North Atlantic THC is predicted under a suffi-
ciently strong CO; forcing (Broecker 1987, Schmittner
& Stocker 1999, Rahmstorf 2000, see, e.g., Manabe &
Stouffer 1993 for scenarios forced by a quadrupling of
atmospheric CO,). However, as pointed out by Rahms-
torf & Ganopolski {1999), Wood et al. {1999} and Miko-
lajewicz & Voss {2000}, the predicted changes of the
THC are very sensitive to parameterizations of various
components of the hydrelogic cycle, including precipi-
tation, evaporation and river runoff. Hence, without a
perpetually enhanced influx of freshwater {from any
source} or extreme CO, forcing, the transient decrease
in THC overturning eventually recovers as time pro-
gresses in the model {Hotland et al. 2000, Mikolajewicz

& Voss 2000). In addition, by including a dynamic sea
ice module in a coupled atmosphere-ocean model,
Holland et al. {2000) report a reduction (rather than an
enlargement) in the variance of the THC overturning
flow rate, under the doubled CO, condition, down to
0.25 Sv? (or only 7%) from the high value of 3.6 Sv?
simulated under the present-day forcing level.

Furthermore, Latif et al. {2000) have just reported a
new stabilization mechanism that seems to change
previous expectations of a CO,-induced THC weaken-
ing (Fig. 5b, but see also Rahmstor{ 2000). In Latif et
al's case, the state-of-the-art coupled ocean-atmos-
phere GCM of the MPI resolves the tropical oceans at
a meridional scale of 0.5°, rather than the more typical
scale of 2 to 6° and produces no weakening of the
THC when forced by increasing CO, Latif et al.
showed that anomalously high salinities in the tropical
Atlantic {produced by excess freshening in the equato-
rial Pacific) were advected poleward to the sinking
region of the THC; and the effect was sufficient to
compensate for the local increase in freshwater influx
there.

Hence, with the additional stabilizing degree of free-
dom from the tropical oceans, the THC remains stable
under that CO,-forced experiment, leaving no reliable
prediction for change in oceanic circulatien in the
Nerth Atlantic under an added CO, climate. Latif et al.
concluded that the response of THC to enhanced
greenhouse warming is still an open question. More
recently, Delworth & Dixon {2000} added another
mechanism that could serve to oppose the THC weak-
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ening effect under numerical experiments with in-
creasing CO,. These authors, using their relatively
coarser resolution GCM, found that, given an en-
hanced forcing owing to an increase in the westerly
wind speed aver the North Atlantic (as inferred from
the observed pattern of the Arctic Oscillation over the
fast 30 yr), the THC weakening trend from greenhouse
warming scenario could be delayed by several de-
cades. Apparently, the stronger winds over the North
Atlantic extract more heat from the ocean and hence
cool the upper ocean, and they increase its density suf-
ficiently to counteract temporarily some of the effects
from net freshening over the North Atlantic because of
a global warming. However, Delworth & Dixon noted
that the excess freshening over the North Atlantic pre-
dicts a significant reduction of the THC eventually.

Rahmstorf (2000} summarized all eatlier numerical
experiments that proposed a significant (20 to 50%)
reduction in the THC overturning rate under global
warming scenarios by 2100. We emphasize that our
highlighting of the contrasting GCM results by Latif
et al. or by Delworth & Dixon, noting the preferable
higher spatial resolution of Latif et al.'s GCM, does
not undermine all previous model results. The exercise
conducted here is meant to note the inconsistency
among GCMs for the predicted changes in THC. We
conclude that no robust or quantitative prediction of
THC is currently paossible.

4. DEALING WITH THE ISSUES

Many questions remain open concerning what can
be deduced from the current generation of GCMs
about potential COy-induced modifications of Earth's
climate. The climatic impacts of increases in atmos-
pheric CO, are not known with practical or measurable
degree of certainty. Specific attempts to fingerprint
CO, forcing by comparing observed and modeled
changes in the vertical temperature profiles have
vielded new insights related to areas where model
physics may be improved. One good example is the
unrealistically coherent coupling between the lapse
rate and tropospheric mean temperature in the tropics
for variability over time scales of 3 to 10 yr (Gillett et
al. 2000).

However, even the range of modeled global warm-
ing remains large and is not well constrained (Forest et
al. 2000). For example, the aggregate of various GCMs
gives a global climate sensitivity that ranges from 1.5
te 4.5°C (IPCC 1996) for an equilibrium response fo a
doubling of the atmospheric CO, concentration, Rai-
sdnen (1999) more optimistically suggested that many
of the qualitative inter-model disagreements in COp-
forced climate responses (including differing signs of

predicted response in some variables, i.e., sea-level
pressure, precipitation and soil moisture} could be
attributed largely to differences in internal variability
in different climate models. On the other hand, Raisa-
nen cautioned that it may be dangerous to rely upon a
single GCM for the study of climate change scenarios
because ‘a good control climate might partly result
from skillful tuning rather than from a proper repre-
sentation of the feedbacks that are important for the
simulation of climate change.’

Building partly on that idea, Forest et al. {2000) uti-
lized the Massachusetts Institute of Technology (MIT)
statistical-dynamical climate model to quantify the
probability of expected outcomes by performing a
large number of sensitivity runs, i.e., by varying the
cloud feedback and the rate of heat uptake by the deep
ocean. It turned out that the IPCC's range of equilib-
rium climate sensitivity of 1.5 to 4.5°C corresponds
roughly to only an 80 % confidence interval of possible
responses under a particular optimal value of global-
mean vertical thermal diffusivity below the ocean's
mixed layer. The 95% probability range for the climate
sensitivity as quantified by Forest et al. was 0.7 to
5.1°C; and, in the final analysis, Forest et al. deter-
mined the more relevant result for transient responses
to a doubling of atmospheric CO; to be a mean global
warrning of 0.5 and 3.3°C at the 95% confidence level.
Forest et al. concluded, ‘climate change projections
based on current general circulation models do not
span the range of possibilities consistent with the recent
climate record.’

There are arguments that the possible range of cli-
mate sensitivity and hence climate responses could be
narrower. Specifically, both Yao & Del Gino (1999) and
Del Gino & Wolf {2000) had proposed to revise this and
to raise the value for the minimum climate sensitivity to
a doubling of CO; from 1.5 to 2.0-2.5°C because most
GCMs may have incorrectly overemphasized the neg-
ative feedbacks from low clouds. Del Gino & Wolf have
found evidence that low clouds get thinner, instead of
thicker, with warming (mainly because of the more
dominant ascent of the cloud base) in the subtropics
and midlatitudes. Thinner low clouds with decreasing
liquid water path length means a cloud less capable of
reflecting sunlight, which ultimately lessens the im-
pact from the low cloud-temperature cooling feedback
carried in most GCMs.

Another scenario that apparently greatly affects cli-
mate response is the complex interaction of climate
and global carbon cycles. In an extreme case, Cox et al.
(2000) proposed a strong positive feedback of global
warming that causes a dramatic release of soil organic
carbon to the atmosphere. Cox et al. found that the
inclusion of such a strong biophysical feedback in a
coupled atmosphere-ocean GCM (added with both a



173

270 Clim Res 18: 259-275, 2001

dynamic global vegetation and global carbon cycle
model} will increase the originally prescribed atmos-
pheric CO;, from 700 to 980 ppm by the year 2100. This
transient numerical experiment predicted a global
warming of 5.5 K by 2100, compared to the 4 K sce-
nario without the carbon cycle feedback. The corre-
spouding warming over land is 8 K, instead of 5.5 K
without the added atmospheric CO, from the strong
biophysical feedback. But, these authors acknowl-
edged that their results depend critically on the model
assumption of a long-term sensitivity of soil respiration
to global warming, which may be contradicted by field
and laboratory data (Giardina & Ryan 2000).

In contrast, semi-empirical estimates by Lindzen
{1997) and Idso {1998} that included probable negative
feedbacks in the climate system yielded a climate sen-
sitivity of about 0.3 to 0.5 K for a doubling of atmo-
spheric CO,. Furthermore, Hu et al. {2000) noted the
tendency for climate model sensitivity, to variation in
atmospheric CO, concentration, to decrease consider-
ably as the sophistication of parameterizing atmo-
spheric convection increases. In Hu et al.'s study, the
change is from a decrease in the averaged tropical
surface warming of 3.3 to 1.6 K for a doubling of CO,
that is primarily associated with the correspending
decrease in the calculated total atmospheric column
increase in water vapor from 29 to 14 %.

The main point that emerges here is that the range of
climate sensitivity remains large and it is not suffi-
ciently well quantified either by empirical or theoreti-
cal means.

4.1, Causes of recent climatic change: aerosol forcing

Other recent efforts, such as that of Bengtsson et al.
(1999}, have highlighted the inconsistency between
the differing observed surface and tropospheric tem-
perature trends and simulated GCM trends that try
to include forcing factors such as combined anthro-
pogenic GHGs, anthropogenic aerosols {both direct
and indirect effects), stratospheric aerosols from the
Mount Pinatubo eruption, and changes in the distribu-~
tion of tropospheric and stratespheric ozone. In addi-
tion, Roeckner et al. {1999) have discussed how super-
posing other forcings, such as direct and indirect
aeroso} effects, on the GHG forcing has led to an unex-
pected weakening of the intensity of the global hydro-
logic cycle. We also wish to add that surface or tropo-
spheric warming in combination with lower strato-
spheric cooling does not uniquely signify a fingerprint
of elevated CO, concentration. Such a change in tem-
perature lapse rate is also the natural behavior of the
atmosphere associated with potential vorticity anom-
alies in the upper air's flow structure {Hoskins et al.

1985, Liu & Schuurmans 1990). This ambiguity pre-
cludes the detection of anthropogenic CO, effects
without additional, confirmatory information.

Not all researchers express a forcing by aerosols. For
example, Russell et al. (2000) recently cautioned that
‘{ojne danger of adding aerosols of unknown strength
and location is that they can be tuned to give more
accurate comparisons with current observations but
cover up model deficiencies.” Such an important caveat
may give a better sense of urgency if one recalls that
most current GCMs treat the effects of anthropogenic
sulphate aerosols by merely rescaling surface albedo
according to a precalculated sulphur loading {Raisa-
nen 1999, Roeckner et al. 1999, Covey 2000). Further-
more, at least in the sense of direct radiative forcing,
naturally occurring sources such as sea salt and di-
methyl sulphide from marine phytoplankton, rather
than anthropogenic sources (Haywood et al. 1999,
Haywood & Boucher 2000, Jacobson 2001}, dominate
the variable and inhomogeneous forcing by aerosals.
For example, Jacobson (2001} estimated for all sky
conditions that the global direct radiative forcing
from combined natural and anthropogenic aerosols is
about ~1.4 W m™?, compared to an anthropogenic-only
aerosol forcing {including black carben component) of
~0.1 W m2 Haywood & Boucher (2000} stressed the
fact that the indirect forcing effect of the modification
of cloud albedo by aerosols could range from -0.3 to
~1.8 W m™, while the additional aerosol influences on
cloud liquid water content [hence, precipitation effi-
ciency), cloud thickness and cloud lifetime are still
highly uncertain and difficult to quantify. Therefore,
the formulation of an internally consistent approach to
determine the climatic effects of CO, by including both
natural and anthropogenic aeroscls in the troposphere
remains a critical area of research (Haywood &
Boucher 2000, Rodhe et al, 2000, Jacobson 2001).

4.2. Nonlinear dynamical perspective on
climate change

A somewhat different interpretation of recent cli-
mate change is also possible (Corti et al. 1999, Palmer
1999). In an analysis of NH 500 mb geopotential
heights, the authors showed that the record since the
1950s could essentially be projected in terms of the
modes of 4 naturally occurring, shorter-term, atmo-
spheric circulation regimes, identified in Corti et al.
(1999} as Cold-Ocean-Warm-Land {COWL)}, Pacific
North American Oscillation, North Atlantic Oscillation
and Arctic Oscillation patterns. Then, climate vari-
ability, viewed as vacillations of these quasi-stationary
weather regimes, can be quantified by changes in
the probability density function associated with each
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regime. Palmer and colleagues thus proposed that the
impact of anthropogenic CO, forcing might be re-
vealed as a projection onto modes of these natural
weather regimes. Of course, there is no guarantee that
the underlying structure of the weather regimes would
remain the same under the perturbation of a different
or stronger forcing.

Next, Corti et al. {1999) showed that recent observed
changes could-be interpreted primarily as an increas-
ing occurrence probability associated with the COWL
regime (Wallace et al. 1995), perhaps consistent with
the projection of the anthropogenic CO; forcing. With
this idea in mind, the authors proposed to resolve the
contentious discrepancy between the rising trend in
surface air temperature versus the relative constancy
of the lower tropospheric air temperature, as summa-
rized in the NRC (2000} report, the rationale being that
most of the recent hemispheric-mean temperature
change is associated with the COWL pattern. Since the
COWL pattern is primarily a surface phenomenon,
one can expect to find a stronger anthropogenic CO,-
forced temperature imprint at the surface than in the
troposphere. Above the surface, the land-sea confrast
‘weakens significantly so that no imprint of anthro-
pogenic thermal forcing anomalies persist there. But
such a pattern of climatic change — emphasizing sur-
face response over land —seems also consistent with
the heat island effect from urbanization, leaving inter-
pretation of the vertical pattern of temperature trend
unresolved.

1t is, of course, a curious point that no GCM has yet
simulated such a vertical pattern of climate change
{Bengtsson et al. 1999). The strongest anthropogenic
CO; response in GCMs is still expected in the mid-to-
high troposphere, simply because of the dominance
of direct radiative effects. A further question left un-
answered by Corti et al. (1899) is why increased CQ,
should lead to an increase in the residence frequency
of the COWL regime. Furthermore, any number of
warming influences may contribute to the positive bias
of COWL, since the main physical cause of the pattern
is the heat capacity contrast between land and sea. In
this respect, it is important to point out that the COWL
pattern is a robust feature of unforced numerical
climate experiments under various air-sea coupling
schemes (Broccoli et al. 1998). But as emphasized by
these authors, even though a direct comparison of
observations with the model-derived unforced pat-
terns and changes ‘has implications for the detection of
climate change, [they] do not intend to attribute the
recent warming of NH land to specific causes.’

Brocceoli et al. {1998) conclude that separating forced
and unforced changes in observational records is diffi-
cult. Hence, they focused strictly on pointing out the
problem in the methodology introduced by Wallace et

ai. (1995) by applying the COWL-pattern variability for
climate change detection. In doing so, they utilized a
GCM run forced with CO, and tropospheric sulphate
aerosols to make their points, but they did not elabo-
rate on results with CO; forcing alone. Their main con-
clusion is that the decomposition method of Wallace et
al. is not suitable for climate change detection, because
it yields ambiguous results when more than 1 radiative
forcing pattern {such as CO, and tropospheric sulphate
aerosols} is present.

The recognition of climatic change as responses of
a non-linear dynamical system imposes the strong
requirement that GCMs must accurately simulate nat-
ural circulation regimes and their associated variabili-
ties down to regional and synoptic scales. This require-
ment is especially difficult to fulfill because the global
radiative forcing of a few W m™ expected from the
anthropogenic CO, perturbation is quite small com-
pared to the uncertain energy budgets of various com-
ponents of the climate system, as well as flux errors in
model parameterizations of physical processes. For a
perspective on the severity of this problem, consider
the dynamic phenomenon of midlatitude atmospheric
blocking. As part of the AMIP, D'Andrea et al. (1998)
have recently confirmed the large differences in block-
ing behavior produced among the 15 to 16 GCMs that
span a wide range of modeling techniques and physi-
cal parameterizations. When compared to observed
blocking statistics, all GCMs showed systematic errors
of underestimating both the blocking frequency and
the duration of blocking events (almost all models have
problems in producing long-lived blocking episodes
over the midlatitude Euro-Atlantic and Pacific sectors).
Worse still, there is also no clear evidence that high-
spatial-resolution models perform systematically bet-
ter than low-resolution models. D’Andrea et al. {1998)
have thus proposed only ad hoc numerical experi-
ments to study the possible, previously hidden model
deficiencies responsible for the large range of GCM
performance in simulating atmospheric blocking.,
Therefore, significant challenges in numerical weather
and climate modeling remain.

4.3. New abservational scheme

Modeling is but one approach to understanding cli-
mate change. To place more confidence in climate
modeling by computer, observational capability must
advance. Improved precision, accuracy and global
coverage are all-important requirements. For example,
Schneider (1994) has estimated that a globally aver-
aged accuracy of at least 0.5 W m™? in net solar-IR
radiative forcing is required to refine the present un-
acceptably large range in the estimates of climate sen-
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sitivity. In this respect, Goody et al. (1998) have
recently proposed the complementary scheme of inter-
ferometric measurements of spectrally resolved ther-
mal radiance and radio occultation measurements of
refractivity — with help from Global Positioning Sys-
tem {GPS) satellites —that can achieve a global cover-
age with an absolute accuracy of 1 cm™ in spectral res-
olution and 0.1 K in thermal brightness temperature.
The resolution capability of 0.1 K is needed to quantify
the expected warming from increased GHGs in
1 decade, while the accuracy of 1 cm™ is needed to
resolve differences in possible spectral radiance fin-
gerprints among several causes. Along with a
promised high vertical resolution of about 1 km, the
complementary thermal radiances and GPS refractiv-
ity measurements should produce a better characteri-
zation of clouds, since thermal radiance is cloud sensi-
tive but the refraction of GPS radio signals, while
sensitive to water vapor and air molecules, is not
affected by clouds. These observational schemes thus
offer hope for critical tests of climate model predictions
and for the detection of anthropogenic CO; forcing
before it becomes too large.

5. CONCLUSIONS

Our current lack of understanding of the Earth's cli-
mate system does not allow us to defermine reliably
the magnitude of climate change that will be caused by
anthropogenic CO, emissions, let alone whether this
change will be for better or for worse. We raise a point
concerning value judgment here because a value
assignment is prerequisite to evaluating the need for
human mitigation of adverse consequences of climate
change. If natural and largely uncontrollable factors
that yield rapid climate change are common, are
humans capable of actively modifying climate for the
better? Such a question has been posed and cautiously
answered in the negative, e.g., by Kellogyg & Schneider
(1974). Given current concerns about rapid climate
change, several gevengineering proposals are being
revived and debated in the literature (e.g., Schneider
1996, Betts 2000, Govindasamy & Caldeira 2000}, We
argue that even if climate is hypersensitive to small
perturbations in radiative forcing, the task of under-
standing climate processes must still be accomplished
before any effective action can be taken.

Our review of the literature has shown that GCMs
are not sufficiently robust to provide an understanding
of the potential effects of CO; on climate necessary for
public discussion. Views differ widely on the plausible
theoretical expectations.of anthropogenic CO, effects,
ranging from dominant radiative imprints in the upper
and middle troposphere (based on GCM results) to

nonlinear dynamical responses. Even if a probability
could be assigned te a certain catastrophic aspect of
COy-induced climatic change, this measure can be
objective only if all relevant facts, including those that
are still in the future, are considered in the calculation.
Therefore, at the current level of understanding,
global environmental change resulting from increas-
ing atmospheric CO, is not quantifiable.

Systematic problems in our inability to simulate pre-
sent-day climate change are worrisome. The perspec-
tive from nonlinear dynamics that suggests ‘confidence
in a model used for climate simulation will be in-
creased if the same model is successful when used in a
forecasting mode’ {IPCC 1990, as quoted in Palmer
1999) also paints a dismal picture of the difficult task
ahead. This brief overview shows that we are not
ready to tell what the future climate of the Earth will
look like. The primary reason for our inability to do so
is that, even if we have perfect control over how much
CO, humans introduce into the air, other variable com-
ponents of the climate system, both internal and exter-
nal, are not sufficiently well defined. Also, all future
climate scenarios performed in various GCMs must be
strictly considered as mere numerical sensitivity ex-
periments, instead of meaningful climate change pre-
dictions {Raisdnen 1999, Mikolajewicz & Voss 2000},
Attempts fo integrate the environmental impacts of
anthropoegenic CQ, should note limitations in current
GCMs and avoid circular logic (Rodhe et al. 2000).

In light of the above, we support a more inclusive
and comprehensive {reatment of the CO, gquestion,
stated as an internally consistent scientific hypothesis,
as demanded by the rules of science. Climate spe-
cialists should continue to urge caution in interpreting
GCM results and to acknowledge the incomplete state
of our current understanding of climate change. Pro-
gress will be made only by formulating and testing a
falsifiable hypothesis,

The criticisms in this review are presented with the
aim of improving climate model physics and the use
of GCMs for climate science research. We recognize
that there are alternative arguments and other inter-
pretations of the current state of GCMs and climatic
change (Grassl 2000}, Furthermore, we are biased in
favor of resuilts deduced from observations. For an
alternative view, we strongly recommend that the
reader consult the IPCC reports {1990, 1995 and the
upcoming 2001 report). These provide detailed docu-
mentation of the merits of GCMs, including the
IPCC's assessment of a discernible human influence
on global climate. Our review points out the enor-
mous scientific difficulties facing the calculation of cli-
matic effects of added CO; in a GCM, but it does not
claim to disprove a significant anthropogenic influ-
ence on global climate.
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RESPONSES BY DR. SALLIE BALIUNAS TO ADDITIONAL QUESTIONS FROM
SENATOR JEFFORDS

Question 1. You indicated that a “Kyoto-type cut would avert the temperature rise
by the year 2050 by only .06 degrees Centrigrade.” Using the same assumptions
that brought you to that conclusion, how much warming would occur by 2050, if
U.S. emissions continue to grow at the current annual rate (2 percent) until then?

Response. By 2050 one published model (M. Parry et al., 1998, Nature, 395, 741)
forecasts a temperature rise of approximately 1.4C with continued U.S. emissions
growing at the current rate, and no emission cuts by developing nations.

Question 2. How much warming would be avoided by a “Kyoto-cut” in the year
2100, assuming U.S. participation in the Kyoto timeframe?

Response. By the year 2100 the model cited above should forecast approximately
0.1C of warming averted if the United States implemented a Kyoto-type cut accord-
ing to the current Kyoto Protocol timeframe.

Question 3. Balloon radiosonde records confirm satellite results, according to your
testimony. However, the radiosonde record extends back only to 1957. Why does it
make sense to use these records to determine the absence of a significant warming
trend, when competing and reliable temperature recordings date back to the pre-
indusgrial era—before humankind began emitting large quantities of greenhouse
gases?

Response. No reliable globally averaged surface temperature records date back to
the preindustrial period. The present surface temperature record gotten from ther-
mometers that sample locations worldwide reaches back to the mid-19th century.
Some of the thermometer readings are prone to warming from local urbanization.
That uncertainty, plus the sparse coverage of the surface readings—only about 20
percent of the surface of the Earth, with especially poor coverage of the Southern
Hemisphere oceans are sampled in the thermometer record, introduce uncertainty
not easily quantified in the surface record. In contrast, the satellite records cover
more than 80 percent of the globe, and are validated by the independent records
from balloon radiosonde instruments. For a technical discussion, see W. Soon et al.,
1999, Climate Research, 13, 149.

Question 4. As you and all the other witnesses indicated, it is not safe to continue
increasing greenhouse gas emissions without limit. What needs to be done to assure
that we can avert the point of not return or “dangerous levels” of greenhouse gas
concentrations?

Response. As a rhetorical question, the statement is philosophically true. How-
ever, it is not possible for science to give a reliable, quantitative assessment of “dan-
gerous” in that context.

Question 5. What do you think is the greatest risk, in the next 30-50 years, of
continuing to increase human-made greenhouse gas emissions? And, what is the
most feasible way to reduce or eliminate that risk?

Response. According to the key measurements of the lower troposphere, there is
little risk of catastrophic global warming risk in the next 30 to 50 years from the
expected profile of the atmospheric increase in human-made greenhouse gas emis-
sions. To reduce the uncertainty, an enhanced, targeted program of decisive climate
research—both measurements and theory—should be implemented and supported
for a decade or longer period.

RESPONSES BY DR. SALLIE BALIUNAS TO ADDITIONAL QUESTIONS FROM
SENATOR SMITH

Question 1. Dr. Rowland testified that “during the 20th century, the atmospheric
concentrations of a number of greenhouse gases have increased, mostly because of
the actions of mankind.” Do you agree with that statement? Why or why not?

Response. I agree that during the 20th century the air’s content of certain green-
house gases, most notably carbon dioxide, have increased owing to human activities.
The key question is what has been the response of climate to the increased in the
air’s concentration of greenhouse gases.

Question 2. Dr. Pielke testified that “the primary cause for . . . growth in
impact[] is the increasing vulnerability of human and environmental systems to cli-
mate variability and change, not changes in climate, per se.” Do you agree with this
claim? Why or why not?

Response. I agree that vulnerability to climate change has increased in some, but
by no means all, situations. For example, hurricanes are the most costly destructive
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natural phenomena in the United States. While hurricane damage and property
losses have increased greatly in the last 100 years, loss of life has acutely declined.
A powerful, unnamed hurricane struck Galveston in 1900, killing more than 8,000
people. An also powerful hurricane, Andrew, struck a very densely populated area
of south Florida in 1991. Hurricane Andrew tragically killed around 50 people, yet
thousands of lives were saved by technological advances such as sturdy buildings
and satellite imagery that gave early hurricane strike warning. The insurable prop-
erty damage for Hurricane Andrew hit a record tens of billions of dollars. Expensive
development in areas of likely hurricane strike has made society more vulnerable
to hurricanes in terms of property loss. On the other hand, Hoover Dam built in
the 1930’s has reduced environmental, property and human catastrophe that had
occurred with the recurrent but unpredictable flooding of the Colorado River.

Question 3. Dr. Pielke also stated that “the present research agenda is focused
. . improperly on prediction of the distant climate future” and that “instead of ar-

guing about global warming, yes or no . . . we might be better served by addressing
things like the present drought . . .” Do you agree with that proposition? Why or
why not?

Response. I agree that more attention should be paid to predicting, mitigating and
adapting to weather phenomena like hurricanes, hailstorms, blizzards, streamflow
flooding, early frosts and tornadoes. To the extent that research funding for those
ever-present weather calamities needs to be obtained from study of climate simula-
tions over distant horizons, that is a policy decision I am unequipped to make.

Question 4. Do you believe we should fully implement the Kyoto Protocol? Do you
agree with the assertion that full implementation of the Kyoto Protocol would only
ave;“t the expected temperature change by 6/100 of a degree Celsius? Why or why
not?

Response. Implementing the Kyoto Protocol would make no meaningful difference
in the averted temperature rise forecast for the next 50 or 100 years, according to
the predictions shown by, e.g., the U.N. IPCC TAR.

Question 5. Since the hearing there has been much press attention paid to the
breakup of the Anarctic Ice Sheet, especially a 500-billion ton iceberg know as
“Larsen B” that has been attributed to climate change. What scientific evidence is
there that climate change is the sole cause of this phenomenon? Is there any sci-
entific evidence that anthropogenic influences bore any role in the breakup of
Larsen B?

Response. No reliable evidence posits the calving of the Larsen B iceberg to
human-made global warming. The peninsula on which the Larsen Ice Shelf rests
has warmed over the last 50 years. However, the climate simulations say the entire
region of Antarctica should have shown a warming trend over the last several dec-
ades; in the last 50 years the majority of the Antarctic continent has cooled. The
calving of the Larsen B iceberg must therefore be a natural phenomenon, caused
in part by the local, natural temperature rise and also by changes in, e.g., sea salin-
ity, orography, wind, and sea currents.

Question 6a. Included in the hearing record as part of my opening statement was
a Swiss Re report titled “Climate research does not remove the uncertainty: Copying
with the risks of climate change” (copy attached). Please explain why you agree or
disagree with the following assertions or conclusions from that report: A. “There is
not one problem but two natural climate variability and the influence of human ac-
tivity on the climate system.”

Response. Because natural climate variability is the backdrop against which
human climate effects must be judged, understanding natural variability is pre-
requisite to detecting human climate effects. The problems are closely interrelated.

Question 6b. “. . . it is essential that new or at least wider-ranging concepts of
protection are developed. These must take into account the fact that the maximum
strength and frequency of extreme weather conditions at a given location cannot be
predicted.

Response. The statement is tantamount to saying that models have no regional
credibility for predicting weather events, which is scientifically true.

Question 6¢. Swiss Re considers it very dangerous (1) to put the case for a collapse
of the climate system, as this will stir up fears which—if they are not confirmed—
will in time turn to carefree relief, and (2) to play down the climate problem for
reasons of short-term expediency, since the demand for sustainable development re-
quires that today’s generations take responsible measures to counter a threat of this
kind.
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Response. The consequence of Swiss Re’s statement is that technology ought to
proceed in a timely and sufficiently supported way to understand natural climate
variability, as well as adaptation and mitigation to dangerous weather events that
have, and will continue, to wreck destruction on humans and the environment.

Question 7. Do you believe that our vulnerability to extreme weather conditions
is increasing? Why or why not?

Response. Some developing nations have become more vulnerable to extreme
weather events, but the events have not been demonstrated to owe to the air’s in-
creased content of human-produced greenhouse gases. The United States should
continue to lead in mitigating weather vulnerability by committing to elevating
those nations from poverty, starvation and lack of education.

RESPONSES BY DR. SALLIE BALIUNAS TO ADDITIONAL QUESTIONS FROM
SENATOR VOINOVICH

Question la. Advocates of the Kyoto Protocol expect aggressive reductions in emis-
sions beyond 2012. Some advocate a global CO> concentration target of 550 ppm
CO2 by 2100 which will require substantial reductions in the emissions of developed
countries (including the United States). If a concentration target of 550 ppm by 2100
is adopted, what is your estimate of the caps on emissions for the United States
by 2050? By 2100?

Response. The United States by the year 2050 would be required to produce zero
emissions of carbon dioxide and other human-made greenhouse gases. By the year
2100, U.S. emissions would have to be negative.

Question 1b. Are you aware of any economic analysis of the impact of these reduc-
tions beyond the initial Kyoto target? If so, can you provide this analysis.

Response. In my estimation, no study adequately addresses the enormous eco-
nomic costs to the United States for such a scenario.

Question 2a. Please provide your assessment of the validity of the various tem-
perature measurements including their coverage of the globe: Satellite.

Response. The satellite Microwave Sounder Unit Measurements, covering about
85 percent of the globe, are validated by several sets of independent balloon radio-
sonde measurements. Where the measurements overlap, the satellite and balloon
records have a nearly perfect correlation—with a 99 percent correlation coefficient.
The satellite measurements seem precise to 0.01 C.

Question 2b. Please provide your assessment of the validity of the various tem-
perature measurements including their coverage of the globe: Weather balloon.

Response. The balloon radiosonde measurements are in substantial agreement
with the satellite records where they overlap. Both therefore give reliable trends of
the temperature of the lower troposphere because they are independent measure-
ments.

Question 2c. Please provide your assessment of the validity of the various tem-
perature measurements including their coverage of the globe: Surface—land.

Response. It is difficult to estimate the global surface temperature to within a
tenth of a degree C. Land surface measurements over the United States and parts
of Europe are the most reliable going back about a century. The records have been
corrected as best as possible for, e.g., the urban heat island effect produced by in-
creased population, urban mechanization, vegetation removal, albedo changes, etc.,
but the corrections are uncertain. The sea surface records are scarce. It is difficult
to estimate the uncertainty owing to the lack of sampling for nearly 80 percent of
the globe in the averaged surface temperature, where vast areas of the Southern
Hemisphere oceans were not sampled.

Question 2d. Please provide your assessment of the validity of the various tem-
perature measurements including their coverage of the globe: Surface—ocean.

Response. It is difficult to estimate the global surface temperature to within a
tenth of a degree C. Land surface measurements over the United States and parts
of Europe are the most reliable going back about a century. The records have been
corrected as best as possible for, e.g., the urban heat island effect produced by in-
creased population, urban mechanization, vegetation removal, albedo changes, etc.,
but the corrections are uncertain. The sea surface records are scarce. It is difficult
to estimate the uncertainty owing to the lack of sampling for nearly 80 percent of
the globe in the averaged surface temperature, where vast areas of the Southern
Hemisphere oceans were not sampled.

Question 3. Can you provide documentation that includes temperature proxy indi-
cations for at least the last 1,000 years covering the Medieval period?



182

Response. A very few of the numerous articles documenting climate change going
back at least 1,000 years include J. Esper et al., 2002, Science, 295, 2250; J.M.
Grove, 2001, Climate Change, 48, 53; C. Pfister et al. 1998, Holocene, 8, 535; and
W.S. Broecker, 2001, Science, 291, 1497.

Question 4. What are the effects of removing black soot from the atmosphere?
What are the benefits of using U.S. clean coal technology in countries like China
and India in terms of removing black soot?

Response. The effect of removing significant amounts of black soot from the at-
mosphere would be to improve substantially the health of humans and the environ-
ment from this pollutant. Efforts should be made to help severe pollution producers
like China and India to prevent emission of soot from their coal burning facilities.

Question 5. What are the magnitudes of the various inputs to the climate and
what are their contributions (cooling, warming)?

Response. This is the capitol question. The magnitudes of the inputs, and, criti-
cally, the responses of the climate system to those agents of climate forcing are inac-
curately known. For example, all climate simulations assume water vapor in the
upper troposphere produces a large amplification of the small warming that occurs
from doubling the air’s carbon dioxide concentration. Yet satellite measurements of
the amount of water vapor in the upper troposphere suggest that that layer of air
is too dry to support the presumed amplification mechanism. Moreover, the lower
troposphere should have responded with a significant global warming trend over the
last two decades—but the reliable, verified satellite temperature record shows little
human-made warming trend. Thus, all models make an assumption that is unsup-
ported by the existing evidence. As Prof. Richard Lindzen of MIT has said of this
assumption, it is likely a “computational artifact” that serves to produce exagger-
ated trends of human-made global warming. Second to water vapor in producing the
strongest positive feedback effect is the influence of clouds, whose properties and
interactions with the climate system remain highly uncertain.

Question 6. Can you document the uncertainties reflected in the NRC June 2001
“Climate Change Science” underlying report?

Response. Several of the uncertainties have been previously discussed, for exam-
ple, W. Soon et al., 2001, Climate Research, 18, 259, as attached to my original tes-
timony.

Question 7. Please provide the documentation of how the NRC report (June 2001)
addressed the satellite, weather balloon, and surface temperature measurements.

Response. The report largely did not resolve the discrepancy between the satellite
and surface discrepancy. For a technical discussion of the underlying issue, please
see W. Soon et al., 1999, Climate Research, 13,149.

Question 8. Given your interpretation of gradual change in climate, what is the
recommended course of action with regard to scientific modeling?

Response. First, assume that the results of the climate models, whose global
warming trends calculated for the last two decades of satellite data are roughly a
factor of five too high compared to the validated observations, are, perplexingly, cor-
rect. A delay of up to three decades in implementing sharp greenhouse gas emission
cuts should produce a negligible additional warming by the year 2100 compared to
natural fluctuations in the climate, even in the case of the current climate models
that exaggerate the present global warming trends. And, if the human global cli-
mate trend is much smaller than the models predict, as the scientific evidence now
suggests, then the window of opportunity for improving climate science is longer
than three decades. In terms of action, one might consider: getting critical measure-
ments meant improve understanding of natural climate variability, including the
physics of water vapor, clouds and important sunclimate interactions.

Question 9. Dr. Baliunas, when Dr. Lindzen testified before this committee last
year he made a statement that “no model explains any major feature of the cli-
mate.” Could you explain this for me. Are our models capable of explaining climate
phenomena?

Response. As Prof. Lindzen correctly stated, no general circulation model of global
climate change properly simulates any major feature of the climate. That includes
natural phenomena like El Nifio Southern Oscillation (ENSO), sea ice variability,
decadal oscillations such as the North Atlantic Oscillation (NAO) and the Pacific
Decadal Oscillation (PDO), the Quasi-Biennial Oscillation (QBO), circulation of en-
ergy from the equator to the polar regions, clouds, precipitation patterns and water
vapor. The fact that no global model correctly accounts for any of these features of
climate means that no global model can possibly account for all of those features.
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Current global climate simulations cannot yet make reliable forecasts, especially
100 years into the future.

RESPONSE BY DR. SALLIE BALIUNAS TO AN ADDITIONAL QUESTION FROM
SENATOR CAMPBELL

Question. In your testimony, you say that it is “impossible to have a verified and
validated climate model” due to the variability of natural systems. It would seem
then that predicting climate change would be like predicting chaos. How accurately
are you able to make sense of the madness?

Response. Technically speaking, chaos is a deterministic mathematical tool that
can yield calculated results that are widely separated even for only slightly different
starting points in the calculation. The results are repeatable, but may be extremely
sensitive to slightly different starting points. The climate system may be partly or
wholly chaotic, but the information is not yet available to determine if climate is
so. Some research focuses on chaos calculations in climate simulations. The lack of
a reliable global climate forecast of which I spoke depends on having as an essential
starting point a verified and validated global simulation, which does not yet exist.
One reason why the global simulations lack validity is that the physics of the major,
relevant factors in natural variability are simply not known with enough certainty
at present. In that regard, it is also not useful to consider as a reliable forecast an
average of a suite of forecasts from different climate simulations, each of which fails
validation. Improving the reliability of forecasts requires significantly reducing the
uncertainty of natural variability—the fluctuations against which human climate ef-
fects must be estimated.

STATEMENT OF DR. MARTIN WHITTAKER, INNOVEST STRATEGIC VALUE ADVISORS, INC.

“The greatest challenge facing the world at the beginning of the 21st century is
climate change . . . Not only is climate change the world’s most pressing problem,
it is also the issue where business could most effectively adopt a leadership role.”
Proceedings of the World Economic Forum Annual General Meeting, Davos, Feb-
ruary 2000.

Climate change is rapidly becoming a major issue for U.S. companies and fidu-
ciaries. The increasingly global nature of industrial competition, institutional invest-
ment strategies, and legislated disclosure requirements mean that company direc-
tors and other fiduciaries in North America should see climate change as a major
business risk—and opportunity.

In the private sector, climate change has rapidly developed into a major stra-
tegic—and practical—issue for both industrial corporations and their investors. The
competitive and financial consequences for individual companies can be huge:
Innovest’s own research has indicated that the discounted future costs of meeting
even ‘softened’ Kyoto targets correspond to 11.5 percent of total current market
value for the most carbon-intensive U.S. electric utility to 0.2 percent in the least;
and up to 45 percent of current share value. Increasingly severe climatic events
have the potential to stress P&C insurers and reinsurers to the point of impaired
profitability and even insolvency; indeed, insurance analysts at one major U.S. in-
vestment bank are already known to have lowered their earnings estimates to ac-
count for ‘what appears to be a higher-than-normal level of catastrophes’ during
early 2001.

By the same token, recent studies give grounds for optimism that the right blend
of market based policies, if skillfully introduced, can substantially reduce the direct
and indirect costs of mitigation and perhaps even produce a net economic benefit.
Indeed, several leading insurance, fund management and industrial companies are
already poised with risk management programs and innovative new solutions that
promote both GHG emissions reductions and their own bottom lines. Our research
shows that, for a variety of reasons, businesses practicing sound environmental
management also enjoy enhanced competitive advantage and superior share price
performance.

There is therefore an increasingly compelling need for corporate board members,
pension fund trustees, and asset managers to take the climate change issue far
{)n{)re seriously than they have to date as a major and legitimate fiduciary responsi-

ility.

A number of major drivers are currently converging to propel climate change to
a much more prominent place on the agendas of company directors and executives,
as well as those of a growing number of institutional investors:
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STRENGTHENING SCIENTIFIC CONSENSUS

The most recent report by the IPCC (Intergovernmental Panel on Climate
Change) actually strengthened warnings from its earlier work regarding the rate,
extent and consequences of climate change. The report accelerated climate change
time horizons and identified the possibility that at some unknown threshold, sudden
and largely irreversible shifts in global climate pattern may occur. Developing coun-
tries are predicted to bear the brunt of future climate turbulence.

A new report by the U.S. National Academy of Scientists released in March 2002
corroborated these findings, adding that exceeding the threshold limits could pre-
cipitate sudden and abrupt changes which are far more dramatic than anything that
preceded them.! Simulation modeling indicates that the cost of a single extreme
hurricane could reach as much as $100 billion, on the same scale as the accumu-
lated pollution damage in the USA since industrialization began.

IPCC scientists also believe that North America has already experienced chal-
lenges posed by changing climates and changing patterns of regional development
and will continue to do so. Varying impacts on ecosystems and human settlements
will exacerbate differences across the continent in climate-sensitive resource produc-
tion and vulnerability to extreme events.

GROWING RECOGNITION OF THE GRAVITY OF POTENTIAL FINANCIAL IMPACTS FROM
WEATHER EXTREMES

Over the past 15 years alone, the word has already suffered nearly $1 trillion in
economic losses due to “natural” disasters, roughly three-quarters of which were di-
rectly weather-related.?

Munich Re, one of the world’s largest reinsurers, recently estimated that climate
change will impose costs of several billion dollars each year unless urgent measures
are taken to reduce greenhouse gas (GHG) emissions. In the year 2000 alone, global
damage reached $100 billion, mostly uninsured, and already simulation modelling
shows that the cost a single extreme hurricane could reach $100 billion, on the same
scale as the accumulated pollution damage in the USA since industrialisation
began.

These concerns have now been echoed by other leading mainstream financial in-
stitutions including Swiss Re, Credit Suisse and Deutsche Bank. The costs of contin-
ued inaction are potentially astronomical, yet there is growing evidence that aggres-
sive mitigation measures need not cause the economic harm and dislocation initially
feared by many conservative economic commentators.3

NEW UNDERSTANDING OF THE BREADTH OF SECTORAL IMPACTS

“As we are beginning to appreciate within the reinsurance industry, the effects
of climate change can be devastating . . .”, Kaj Ahlman, ex-CEO, Employers Re.

Conventional wisdom suggests that the effects of climate change will be limited
to sectors directly associated with the energy value chain (including oil and gas, nat-
ural gas, pipelines and electric utilities on the downside, and renewable energy) and
those industries consuming large amounts of energy (steel manufacturing, smelting
and such like).

Recent research makes it clear, however, that the business ramifications relate
not just to energy-intensive industries but also sectors such as telecommunications
and high-technology (which influence societal resource consumption and provide en-
abling technologies); forestry (an integral part of the sustainable energy cycle); auto-
motive (the primary users of petroleum products and leaders in fuel cell develop-
ment); electronics, electrical industries and other equipment suppliers (where fuel
cell technologies are already creating whole new markets); agriculture (where indus-
tries ranging from animal farming to winegrowing face major potential impacts),
tourism and other sectors.

NEW EVIDENCE ON COMPANY-SPECIFIC IMPACTS

In addition to the massive aggregate risk exposures noted above, recent evidence
on company-level impacts has revealed:

1U.S. National Academy of Sciences, Abrupt Climate Change: Inevitable Surprises, March
2002.

2U.S. Department of Energy, U.S. Insurance Industry Perspectives on Global Climate Change,
February 2001.

3 See, for example, the IPCC Third Assessment Report 2001.
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a. That in some high-impact sectors such as energy and electric utilities, the
climate change-driven threat to shareholder value could represent as much as
30 percent of the total market capitalization of major companies; and
b. That even within the same industry sector, firm-specific climate risk can
vary by a factor of nearly 60 times.4
c. Companies are increasingly finding ways of benefiting from proactive action
on tackling greenhouse gases, either through win-win energy savings activities
or the development of new products and services based around greater energy
efficiency or GHG-reducing technologies®.
It clearly behooves fiduciaries and investors to know which industry sectors and
companies are exposed to the greatest risks and opportunities, and what measures
if any are being taken to identify and manage those risks.

THE INTERNATIONALIZATION OF PENSION FUND INVESTMENT

Ten years ago, only 3.3 percent of U.S. pension funds’ equity investments were
in non-U.S. company securities. Today, that proportion has more than tripled to
over 11 percent.® A similar internationalization of pension fund investing is occur-
ring in virtually every OECD country. What this means for U.S. fiduciaries is sim-
ply this: The competitiveness of their investee companies—and therefore their fidu-
ciary responsibilities—will not permit them to ignore or remain isolated from cli-
mate change policy and regulatory developments in other parts of the world.

LEGITIMIZATION BY MAINSTREAM INVESTMENT INSTITUTIONS

Major international investment houses such as AMP Henderson and Friends Ivory
& Sime have developed sophisticated guidelines for assessing companies’ strategic
and operational responses to the climate change threat. What is more, they have
begun to communicate the importance of the issue to their clients. This initiative
by a mainstream investors will go a considerable distance toward “legitimizing” cli-
mate change to conservative investors.

A broad coalition of global institutional investors is already forming to press man-
agement at the world’s largest companies on shareholder risks associated with cli-
mate change via the ‘Carbon Disclosure Project’ (CDP). The CDP is a non-aligned
Special Project within the Philanthropic Collaborative at the Rockefeller Brothers
Foundation with the sole purpose of providing a better understanding of risk and
opportunities presented to investment portfolios by actions stemming from the per-
ception of climate change. To date, institutions representing over $2 trillion in as-
sets have already joined the initiative.

In the United States, climate change-related shareholder resolutions are antici-
pated against ExxonMobil, Chevron-Texaco, and Occidental Petroleum during the
current (2002) proxy season. Major institutional investors including the city of New
York and the State of Connecticut are beginning to flex their financial muscles on
the climate change issue.

EXPANDED VIEW OF FIDUCIARY RESPONSIBILITIES

Historically, fiduciary responsibilities have been interpreted rather narrowly in
both the United States and Europe. Fiduciaries’ principal obligation was the maxi-
mization of risk-adjusted financial returns for pension plan beneficiaries, investors,
and shareholders. Since environmental performance was widely seen as injurious or
at best irrelevant to financial returns, the prevailing ethos held that they were of
necessity beyond the legitimate purview of fiduciaries. This ethos has now begun to
shift dramatically: A growing body of research is making it clear that companies’
environmental performance may well affect financial returns, and is therefore a
wholly legitimate concern for fiduciaries. Legislative reforms of pension legislation
in a number of European countries, is codifying this new ethos into law”.

Recent independent back-test evidence indicates that a diversified portfolio of
more “sustainable” companies can be expected to out-perform one comprised of their
less efficient competitors by anywhere from 150 to 240 basis points or more per
annum. In particularly high-risk sectors such as chemicals and petroleum,

4See, for example, Innovest Strategic Value Advisors, Electric Utilities Industry Sector Report,
2002

5Innovest sector research; Pew Center on Global Climate Change, Corporate GHG Reduction
Targets, 2001

6R.A.G. Monks, The New Global Investor, John Wiley, 2001

7See, for example, Baker & McKenzie (Virginia L. Gibson, Bonnie K. Levitt, and Karine H.
Cargo), “Overview of Social Investments and Fiduciary Responsibility of County Employee Re-
tirement System Board Members in California,” Chicago, 2000
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Innovest’s own research has revealed that this “out-performance premium” for top-
quintile companies can be as great as 500 basis points or even more.

As the chart below illustrates, depending on how much emphasis was given to en-
vironmental performance factors, the out-performance margin ranged from 180-440
basis points (1.8—4.4 percent). None of this out-performance can be explained by
traditional securities analysis; it appears to be pure “eco-value”.
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NEW EMPHASIS ON INTANGIBLE VALUE AND DISCLOSURE

el ]

“Reputation is something which, unlike a petrochemical feedstock plant, can dis-
appear overnight. We are increasingly getting firms which are conceptual and Enron
being a classic case whose value depends on reputation and trust. And if you breach
that, that value goes away very rapidly.” Alan Greenspan, Chairman of the U.S.
Federal Reserve Bank, Speaking at the Senate Enron Inquiry on Capitol Hill, Wash-
ington DC., January 25, 2002.

As recently as the mid-1980’s, financial statements captured at least 75 percent
on average of the true market value of major corporations; today the figure is closer
to only 15 percent®. That leaves roughly 85 percent of a company’s true market
value which CANNOT be explained by traditional financial analysis The yawning
disconnect between companies’ book value (hard assets) and what they are really
worth—their market capitalization—is at an all-time historical high.

This leaves institutional investors and fiduciaries with an enormous information
deficit, as the recent implosion of Enron vividly demonstrated. Intangible value driv-
ers are now the strongest determinants of companies’ competitiveness and financial
performance.

The growing importance of intangibles to company valuations in the United States
was underscored in a March 2002 announcement by the U.S. Financial Accounting
Standards Board that it will be issuing binding disclosure requirements about com-
panies’ intangible assets within the next 12 months. This will clearly accelerate the
integration of intangibles into mainstream financial analysis. Internationally, the
growing momentum of other major “transparency initiatives” such as the Global Re-
porting Initiative (GRI) are certain to add climate change as a significant new
source of business and investment risk.

INTERNATIONAL LEGISLATIVE MOMENTUM

The European Union has already committed itself to a legally binding timetable
for Kyoto implementation, including compulsory taxes on GHG emissions above pre-
scribed limits, starting in 2005. Taxes on greenhouse emissions are either proposed
or already in effect in Scandinavia, and the Canadian, Australian and Japanese gov-
ernments are also in the process of establishing national emissions abatement
plans. Japan, the U.K. and Canada have both signaled their intent to ratify the
Kyoto Protocol within the coming weeks, probably before the forthcoming Earth
Summit in South Africa. The imperatives of global competition will clearly impact

8 Baruch Lev, Intangibles: Management, Measurement and Reporting. Washington, DC. Brook-
ings Institution, 2001
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U.S. companies regardless of any tax or other regulatory measures which may or
may not be forthcoming in the United States.

DOMESTIC POLITICAL MOMENTUM

In response to both domestic and international pressure for a robust response to
Kyoto, President Bush announced his new climate change policy on February 14,
2002. The administration’s Clear Skies Initiative commits the United States to re-
duce it greenhouse gas intensity by 18 percent over the next 10 years, and includes
substantial financial incentives for renewables and clean technologies. The Presi-
dent’s proposed budget for fiscal year 2003 increases spending on climate change
mitigation to $4.5 billion per year.

On February 20, 2002, EPA Administrator Christine Whitman launched one of
the key components of the Bush Administration’s new climate policy, the Climate
Leaders protocol. That initiative encourages companies to report on their emissions
of the six major GHG’s, using a reporting framework developed by the World Re-
sources Initiative and the World Business Council for Sustainable Development. In
concert with similar initiatives elsewhere, this should make a significant contribu-
tion to increasing the level of transparency of carbon risk exposures and, as a result,
increase accountability for both corporate directors and investment fiduciaries.

In the United States, there are a number of bipartisan bills, resolutions and legis-
lative proposals currently before the 107th Congress, several of which, among other
things, propose significantly increased company disclosure of carbon risks, measure-
ment of emissions, and increased research and development.

NEW INSIGHTS INTO THE ECONOMICS OF CLIMATE CHANGE MITIGATION MEASURES

The economics of climate change has been a source of considerable uncertainty
and controversy. Several high-profile studies have estimated the costs of mitigation
to be extraordinarily high, particularly in the United States. However, these esti-
mates have invariably used worst-case assumptions that necessarily imply high
costs, for example, highly limited or none existent emissions trading activity, a need
to meet short term targets, or limited use of non-carbon fuels.

Recent studies give grounds for optimism that the right blend of policies, if skill-
fully introduced, can substantially reduce the direct and indirect costs of mitigation
and perhaps even produce a net economic benefit®.

THE NEED TO LOOK BEYOND THE KYOTO PROTOCOL

Effectively addressing climate change can only be achieved via the adoption of
more sustainable development pathways that simultaneously attend to inter-
dependent social, economic and environmental challenges. While the Kyoto Protocol
is a crucial first step in managing the problem, focusing entirely on the agreement
would encompass too narrow a set of interests and divert attention away from some
of the more fundamental social, environmental, technological and economic issues
at stake. The broader sustainability context of climate change simply must be ap-
preciated if the issue is to be effectively managed.

Taken separately, few of these trends are sudden or radically new. What is new,
however, is their confluence at a single point in time. Taken together, they form a
kind of “perfect storm” which has already begun to redefine the responsibilities of
fiduciaries in the early 21st century. Together, Innovest believes that they are rap-
idly moving climate change to a position of growing prominence on both corporate
and institutional investor’s agendas.

Providing the right blend of regulatory pressure and market mechanisms to allow
institutions to incorporate climate-related factors into future underwriting, lending
and asset management activities is a critical step. Directing institutional capital to-
ward supporting organic development of new clean energy technologies in their
investees is also crucial. The renewables and clean power technology markets are
becoming increasingly compelling in the search for ‘win-win’ outcomes; the nascent
GHG, CAT bonds, weather derivatives and microfinance/microinsurance markets
also hold substantial promise for strategic finance and insurance companies.

Ultimately, It is Innovest’s belief that unleashing the creative instincts of the pri-
vate sector 1s by far the most effective way of dealing with environmental pressures.
Our research shows that businesses that practice sound environmental management
also enjoy enhanced stakeholder and customer capital, operate with reduced costs
and less risk, are faster to innovate and generally foster a higher level of manage-

9For example, ‘Scenarios for a Clean Energy Future’, Oak Ridge; Argonne; Pacific North West;
Lawrence Berkeley; National Renewable Energy Labs, for U.S. Department of Energy, 2001
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ment quality. More importantly, our research also shows that these benefits trans-
late into sustainable competitive advantage and superior share price performance.
This linkage between environmental and financial performance therefore creates a
virtuous circle, in which proactive firms are rewarded by investors and encouraged
to continue in their endeavors. Less proactive firms are also provided with a power-
ful incentive to adopt more positive responses. In the ensuing battle for best-in-sec-
tor leadership, the only surefire winner is the American public, who benefit from
a more competitive private sector whose interests are better aligned with the broad-
er tenets of sustainable development, with all the quality-of-life benefits this brings.

INNOVEST STRATEGIC VALUE ADVISORS, INC.

Innovest Strategic Value Advisors is an internationally recognized investment re-
search firm specializing in environmental finance and investment opportunities.
Founded in 1995 with the mission of delivering superior investment appreciation by
unlocking hidden shareholder value, the firm currently has over US$1-billion under
direct sub-advisement and provides custom research and portfolio analysis to lead-
ing institutional investors and fund managers throughout the world. Innovest’s cur-
rent and alumni principals include senior executives from several of the world’s fore-
most financial institutions, as well as a former G7 finance minister. The company’s
flagship product is the Eco Value 21 platform, which was developed in conjunction
with strategic partners including PricewaterhouseCoopers and Morgan Stanley
As(sle’if Management. Innovest is headquartered in New York, with offices in London
and Toronto.

RESPONSES BY DR. MARTIN WHITTAKER TO ADDITIONAL QUESTIONS FROM
SENATOR JEFFORDS

Question 1. It is clear that, regardless of the remaining uncertainties concerning
exactly when and how climate change will impact our world, perceptions of climate
risk have grown to such an extent that companies here and abroad are considering
changing their practices to improve their long-term financial stability. How have in-
vestors in this and other countries begun to reorganize their financial portfolios to
favor more climate-friendly businesses?

Response. From a traditional asset management perspective, few investors have
taken steps to adjust investment actions due to climate change considerations alone.
The only segment of the asset management universe that has adjusted portfolios on
account of climate change issues is the socially responsible investment community
(which constitutes anywhere between 3-8 percent of total assets under management
in the United States). Mainstream asset managers, regardless of location, have not
begun to adjust their portfolios, indeed, our research indicates that many fund man-
agers or analysts do not even recognize that climate change is an issue that would
prompt them to consider reorganizing their assets. The overriding feeling on climate
change within the non-SRI institutional investment community is that the financial
implications of climate change (or, more accurately, the manifestations of climate
change on the one hand, and exposure to regulations limiting GHG emissions on the
other) are not proven. Unfortunately, this belief is not based upon any rigorous fi-
nancial analysis of potential impacts to equity or debt valuations. Were such anal-
yses to be conducted, our research indicates that the financial community would be
a willing listener.

Rather than adjusting portfolios, there is a small but growing number of pension
fund trustees and pension policy professionals (including, for example, the State of
Connecticut Treasurer’s department) that recognizes climate change as an issue of
potential concern, and that is preparing to engage companies to urge them to man-
age the issue more proactively on account of fiduciary concerns. The Carbon Disclo-
sure Project, which now has backing of over $2 trillion in assets under management,
and includes Merrill Lynch Investment Management, the Credit Suisse Group, and
Walden Asset Management, is an example of this. We expect that the engagement
approach, rather than the asset adjustment approach, will be favored by most pen-
sion funds, and that this approach has the potential to exert major influence over
corporate management strategies on the climate change issue.

Elsewhere within the broader financial services sector, we know of several com-
mercial banks that are examining whether there is a need to adjust credit risk cal-
culation due to climate change factors. For example, in the hotel and leisure sector,
there are reports that financing of winter resorts dependent upon snowy conditions
has been affected; Fitch and Standard and Poor’s, the credit rating agencies, have
begun to examine exposure to potential GHG legislation at the company-specific
level in the utilities and power sectors; and private equity and project finance spe-
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cialists have steered more money toward clean, low carbon technologies on account
of the market opportunities being created by actions (regulatory and otherwise) to
lower GHG emissions. Finally, in the insurance industry, climate change is exacer-
bating concerns over weak economic conditions within the insurance industry and
forcing companies such as Swiss Re to reexamine their business mix. The P&C busi-
ness in particular continues to experience weak premium pricing power and in-
creased losses, with catastrophic event (CAT) losses contributing to poor results. The
P&C industry has also been plagued by excess underwriting capacity, the effect of
which has been to depress prices, shift product mixes into banking and other finan-
cial services, and force firms into expanding into overseas markets where climate-
related regional impacts may be more acute.

bI would be happy to elaborate with specific details on any of the points made
above.

Question 2. You work with companies that have started to internalize the risks
of emitting greenhouse gases. Why are some companies taking this step, while oth-
ers hang back? What and why should investors know about a company’s carbon
risk?

Response. Companies that have taken action to manage climate-change related
risks thus far have done so for one or more of the following reasons: (i) to comply
with current or anticipated regulations restricting GHG emissions (notably in Eu-
rope); (ii) to realize efficiency gains within their operations (notably through energy
conservation initiatives); (iil) to reinforce a positive environmental reputation; (iv)
to act upon concerns over the effects of future climatic changes on their business;
(v) to gain a perceived competitive advantage over peers in technological innovation,
particularly in industries with long capital planning cycles (next generation tech-
nologies in most industrial settings often confer GHG emissions benefits as a side
effect); (vi) in response to concerns expressed by shareholders.

A key determining factor on company stance is its geographic location. For Euro-
pean firms, the primary drivers appear to be reputation (they operate in a market-
place more cognizant of environmental pressures) and regulatory requirements.
Companies hang back in this market either because they do not feel exposed to con-
sumer sentiment about climate change or because they do not anticipate being ef-
fected by future regulations. In the United States, primary drivers appear to be
international competitiveness and operating excellence. U.S.-based multinational
companies such as Exxon-Mobil have made it clear that they will act to curtail emis-
sions and internalize risks in those areas of the world where they are required to
do so, which may result in different strategies by business units within the same
company. In our opinion, U.S. companies hanging back do so primarily because they
do not perceive a need to act, either due to lack of regulatory compulsion or because
their client base does not require action of them.

At this stage, knowing what we know about potential climate effects and the im-
pacts of emissions regulation, I think it’s prudent for financial market investors—
particularly those with a long-term investment horizon—to require more informa-
tion and reliable analysis on how these risks might affect equity valuations or debt
quality, so that they can then factor such risks into their own preferred investment
style. For investment banking and project finance specialists, there is a more imme-
diate need to understand how the costs of reducing GHG emissions might reduce
rates of return and influence capital spending decisions (companies such as BG and
Shell are already calculating the sensitivity of project returns to carbon price move-
ments, as they would examine sensitivity to oil price fluctuations or interest rate
movement). On the flip side, the World Bank’s Prototype Carbon Fund experiences
has shown that the generation and sale of carbon credits can augment returns to
the point by several percentage points.

In view of on-going post-Enron concerns over off-balance sheet risks, the possi-
bility that climate change may well be a market risk capable of inflicting damage
to investor returns has taken on a new significance. The essential point is that com-
pany competitiveness and profitability in a wide range of industrial sectors—auto-
motive, chemicals, coal, electric power, manufacturing, oil and gas, refining, water,
steel, tourism, food and agriculture, cement—could be seriously affected by climate
change. Moreover, there will be substantial differentials in company carbon risk ex-
posure within particular industry segments, differentials that are not currently
being picked up by traditional securities analytics.

Question 3. As you know, I'm a cosponsor of legislation to cap carbon dioxide emis-
sions from power plants, S. 556. If there is no cap in the near future, what do you
think will be the effect on carbon markets and companies’ carbon risk management
activities in the United States and abroad?
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Response. My chief concern is that without a cap, carbon is unlikely to be as-
signed a value, and without much of a value, the notion of a carbon market is un-
likely to have any legs. Markets function on the basis that something of value is
being exchanged. Voluntary or uncapped emissions targets, particularly when ap-
plied to the highest emitting sector (and the one most likely to act as buyers of
emissions credits/offsets), will not create the conditions necessary for a fully func-
tioning marketplace, with the result that emissions trading is unlikely to prosper
except for certain multinational and transnational companies.

Of course, from an environmental emissions perspective, the absence of a cap is
unlikely to focus the mind of corporate emitters on mitigation activities. Under an
uncapped scenario, carbon risk management is less likely to come down to the sim-
ple objective of reducing emissions, and more likely to focus on (i) internal efficiency
initiatives, where the prospect of economic gain through enhanced efficiency is the
chief driving force, and, (ii) in the long term, clean technology development, where
economic gain through new product offerings and process innovation is foremost.
These are worthy goals for any firm to pursue but they may not produce the emis-
sions reductions required to combat climate change over the time periods identified
by the IPCC.

Question 4. What do you think is the greatest risk, in the next 30-50 years, of
continuing to increase human-made greenhouse gas emissions? And, what is the
most feasible way to reduce or eliminate that risk?

Response. From a global perspective, to my mind the greatest risk is the potential
exacerbation and intensification of poverty-inducing conditions within the devel-
oping world. Less developed countries (LDCs) stand to bear the brunt of any disrup-
tions to climate shifts and have less capacity to deal with those disruptions as and
when they occur. Aside from broader moral humanitarian concerns, this may also
carry an economic penalty for OECD countries, in the form of accelerated immigra-
tion from poor regions, lower productivity in basic industries situated in LDCs,
stresses on the public purse (due to, for example, health costs and disaster relief)
in LDCs with attendant currency woes, requirements for more aid and foreign direct
investment from rich countries, and sizable opportunity costs relating to a failure
to capture inherent entrepreneurial talents and skills of LDC populations struggling
to cope with deteriorating domestic infrastructures.

The most feasible way to reduce that risk is the expedited development, commer-
cialization and transfer of clean power production and transportation technologies.
Transportation and stationary power production are the two greatest anthropogenic
sources of greenhouse gas emissions; they are also the two areas of civic infrastruc-
ture most in need of advancement within poorer countries, primarily in view of their
catalytic role in general economic development. India and China play an especially
important role in global GHG emissions and international trade, and both present
clear market opportunities for U.S. business. The Indian electric power sector is the
largest consumer of capital in that country, drawing over one-sixth of all Indian in-
vestments. The United States is the largest supplier of foreign direct investment in
India, much of it in the power sector. As part of efforts to reduce dependency on
coal, India has a significant program to support renewable power, exemplified by
wind power capacity that rose from 41 megawatts in 1992 to 1,025 megawatts in
1999, which should present U.S. exporters with appreciable opportunities.

Similarly, in China, which reportedly ranks second in the world in energy con-
sumption and greenhouse gas emissions, power generating capacity and power con-
sumption are expected to nearly triple by 2015 from their values in 1995, requiring
some $449 billion in total costs. The China Daily reports that Chinese and U.S.
trade ministers agreed in Beijing in April 2002 to set up a new consultation mecha-
nism under which U.S. Trade and Development Agency (U.S. TDA) will provide
funding for projects in China in the areas of e-commerce, renewable energy and
solid waste treatment. According to Chinese government officials, wind power, solar
energy, hydropower and other renewable and new energy resources will account for
0.7 percent of the total annual commercial energy used in China by the end of 2005,
and 2 percent by 2015—again, major opportunities for U.S. clean power developers.

All of this is to say that the renewables and clean power technology markets are
becoming increasingly attractive for investors and provide a clear possibility for a
‘win-win’ outcome involving LDCs; the nascent markets for greenhouse gas emis-
sions credits, ‘green’ power certificates (based on Renewable Portfolio Standards),
catastrophic event (CAT) bonds, weather derivatives and microfinance/microinsur-
ance also hold substantial promise for forward-looking finance and insurance compa-
nies. Indeed, commercially viable technologies exist today (such as combined heat
and power, and cogeneration approaches) whose introduction could go a long way
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toward reducing GHG emissions in the short term, while more developmental clean
technologies are brought to the market.

RESPONSES BY DR. MARTIN WHITTAKER TO ADDITIONAL QUESTIONS FROM
SENATOR SMITH

Question 1. Dr. Rowland testified that “during the 20th century, the atmospheric
concentrations of a number of greenhouse gasses have increased, mostly because of
the actions of mankind.” Do you agree with that statement? Why or why not?

Response. On matters relating to the science of climate change, including the
buildup of GHG concentrations and the potential effects on global climate condi-
tions, I take my lead from the Intergovernmental Panel on Climate Change, which
I believe to be an authoritative source on the subject. To the extent that Dr. Row-
land’s statement reflects the opinion of the IPCC, yes, I agree with his statement.
A brief point on the issue of scientific discourse: As a scientist by training I realize
that uncertainty and debate are fundamental to the process of scientific and techno-
logical advancement. While it is clear that uncertainties remain, and that there are
scientists whose opinions differ from those of the IPCC, it appears that the balance
of probability has shifted toward the view that anthropogenic influences have accel-
erated the buildup of GHGs in the atmosphere, and that this buildup is likely to
be causing changes in the Earth’s climate.

Question 2. Dr. Pielke testified that “the primary cause for . . . growth in
impact[] is the increasing vulnerability of human and environmental systems to cli-
mate variability and change, not changes in climate, per se.” Do you agree with this
claim? Why or why not?

Response. As I recall, Dr. Pielke was trying to point out that the heightened eco-
nomic impact of climate variability was due to more to the increased vulnerability
of human systems than to climate change per se (in other-words, modern day society
was more exposed to climate variability by virtue of the fact that urban centers,
coastal developments, etc., were likely to suffer greater economic impacts from ex-
treme weather events). I agree that human and environmental systems are more
vulnerable to climate variability than was previously the case; the recent reports
from Swiss Re, Munich Re and the Lawrence Berkeley National Laboratory/U.S.
DOE strongly support this view. But the same reports also present compelling evi-
dence that the incidence and severity of extreme weather conditions is also rising,
implying that it is not just the economic consequences of climate variability that is
worrying, but that the variability is also becoming greater.

Ultimately, however, I am not sure that I recognize a huge distinction between
the two points of view in terms of what it means for how we go about addressing
the problem. If impacts are growing because of increasing vulnerability of human
and environmental systems to climate variability (and if anthropogenic GHG emis-
sions are increasing climate variability) then it is still prudent to adapt more effec-
tively to changing climate conditions and deal with anthropogenic GHG emissions.

Question 3. Dr. Pielke also stated that “the present research agenda is focused

. . improperly on prediction of the distant climate future” and that “instead of ar-
guing about global warming, yes or no . . . we might be better served by addressing
thir;gs like the present drought. . .” Do you agree with that proposition? Why or why
not?

Response. I believe that Dr. Pielke is right to stress the importance of dealing
with more immediate climate-related problems (such as droughts, famines, etc.),
which have tended to become forgotten in terms of the overall global warming de-
bate (although not within broader development circles). However, given the possible
causal connections that exist between the short-term problems he alludes to and the
longer term issue of global warming, I don’t believe that we can afford to dismiss
the need to better understand future climate conditions altogether. IPCC data pre-
sented in the Third Assessment Report and the Special Report on Emissions Sce-
narios implies that one cannot successfully deal with one issue without tackling the
other, and make plain the links between short- and long-term climate issues, and
the critical importance of broader demographic, technological and political trends in
determining future emissions scenarios. The integrated, interdependent nature of
these broader factors, captured within the image of sustainable development, has
been overlooked in my opinion within the climate change debate (which has focused
more on Kyoto instead). I would certainly concur that less focus on esoteric matters
of perceived scientific relevance and more urgency around action to improve the
lives of ordinary people and the world in which we live is desirable.
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Question 4. Do you believe we should fully implement the Kyoto Protocol? Do you
agree with the assertion that full implementation of the Kyoto Protocol would only
ave;t the expected temperature change by 6/100 of a degree, Celsius? Why or why
not?

Response. I believe that the Kyoto Protocol is a valuable first step toward reduc-
ing global GHG emissions and that it also has importance as an expression of collec-
tive commitment to addressing the climate change issue, and a point around which
national efforts to can be coordinated and consolidated. True, as you state in the
question, even if fully implemented, the Kyoto targets would have a negligible effect
on atmospheric GHG concentrations and expected temperatures. However, I don’t
believe that this should be used to dismiss the Kyoto Protocol, rather to point out
its importance as the precursor to a more comprehensive and ambitious emissions
reduction process.

That said, the critical questions to my mind are whether anthropogenic GHG
emissions are causing climate variations and, if society believes that to be so, how
can we bring about emissions reductions in an optimal fashion. Whether this reduc-
tion effort is within the terms of the Kyoto Protocol or not is, in the bigger picture,
of secondary importance. In this sense, I concur with the implication of the question,
i.e., that Kyoto is not necessarily the answer to the climate problem, and that a
longer-term solution needs to be identified.

Question 5. Since the hearing there has been much press attention paid to the
breakup of the Antarctic Ice Sheet, especially a 500-billion ton iceberg known as
“Larsen B,” that has been attributed to climate change. What scientific evidence is
there that climate change is the sole cause of this phenomenon? Is there any sci-
entific evidence that anthropogenic influences bore any role in the breakup of
Larsen B?

Response. I'm afraid I do not feel qualified enough on the Larsen B issue to offer
any insights as to the specific scientific causes. I would only note that the Larsen
B story is the latest in a long line of reports of changing environmental conditions
in polar regions, the general thrust of which is that global warming is the root
cause.

Question 6a. Included in the hearing record as part of my opening statement was
a Swiss Re report titled “Climate research does not remove the uncertainty; Coping
with the risks of climate change” (copy attached). Please explain why you agree or
disagree with the following assertions or conclusions from that report: “There is not
one problem but two: natural climate variability and the influence of human activity
on the climate system.”

Response. I agree that distinguishing human-induced climate changes from nat-
ural variations is an important issue the resolution of which will clearly help to de-
termine the extent to which efforts to curb climate change through limiting anthro-
pogenic emissions will be successful.

Question 6b. “. . . it is essential that new or at least wider-ranging concepts of
protection are developed. These must take into account the fact that the maximum
strength and frequency of extreme weather conditions at a given location cannot be
predicted.”

Response. By protection I assume that Swiss Re is referring to safeguarding the
integrity of global human and environmental conditions.

Swiss Re’s assertion that the characteristics of extreme weather events at specific
locations cannot be predicted with any degree of accuracy is most worrying to me
when set against their belief that extreme weather events are generally increasing
in frequency and severity (conclusions arrived at from studies of past events). If this
is indeed the case, then yes, provisions must be made to manage extreme weather
risks particularly in those regions where in a general sense the Capacity to deal
with extreme weather is weakest, or the human and economic effects could be great-
est. For example, the use of weather derivatives, catastrophe bonds, and other in-
surance tools could help the industry deal with such varying conditions by improv-
ing liquidity and widening insurance coverage. ,

Question 6¢. “Swiss Re considers it very dangerous (1) to put the case for a col-
lapse of the climate system, as this will stir up fears which—if they are not con-
firmed—will in time turn to carefree relief, and (2) to play down the climate problem
for reasons of short-term expediency, since the demand for sustainable development
rﬁqu{{resdthat today’s generations take responsible measures to counter a threat of
this kind.”

Response. I absolutely agree with this call for moderation. Indeed, within the fi-
nancial community Innovest serves, the major barriers to stimulating widespread
action to examining climate related risks have been (i) the predictions of cata-
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strophic and unmanageable climate disruptions, which tend to turn off many people
who might otherwise be sympathetic, and (ii) a disconnect between short term eco-
nomic interests and what 1s perceived to be an exclusively long term climate change
issue. Our work has focused on providing robust, reasoned, independent analysis of
the business impacts for precisely this reason.

To my mind, the inherent characteristics of climate change as a potential risk
issue for ordinary people all work against taking action: it 1s rather ethereal and
therefore doesn’t seem ‘real’ (you can’t touch, feel or see it, unlike, say, asbestos);
the risk is perceived to be long term, and is therefore instinctively discounted; it
is an issue which affects the collective, as opposed to the individual, which again
leads people to discount it as a threat to personal well-being; people are generally
familiar with it, and therefore don’t feel especially worried; and it seems to be out
of any one person’s control. Long-term, illusory, scattered and unmanageable risks
that affect everyone are simply not regarded as matters of any great urgency.

Question 7. Do you believe that our vulnerability to extreme weather conditions
is increasing? Why or why not?

Response. On the issue of environmental and economic vulnerability, I believe
that the evidence presented by the IPCC (selected passages presented below) and
other sources of similar international standing is sufficiently worrying to warrant
action and indicates that indeed our vulnerability to extreme weather conditions is
increasing:

e According to the IPCC, the Earth’s average surface temperature will rise 1.4 to
5.80C (2.5—10.4 oF) between 1990 and 2100. Sea levels could rise between 9 and
88 cm over the same period. The decade of the 1990’s was the hottest of the last
celllltury and is warmer than decade in the last 1,000 years in the Northern Hemi-
sphere.

e According to December 2000 World Meteorological Organization (WMO) statis-
tics, 2000 was the 22d consecutive year with global mean surface temperatures
above the 1961-1990 normal. 1999 was the 5th warmest year in the past 140 years,
bested only by 1998, 1997, 1995 and 1990.

e Severe weather events also continued to increase in size and number. Record
rainfall and flooding in Western Europe, severe cold conditions in East Asia and
Russia, heat waves and drought in China, Central Asia and the Middle East, and
mudslides and typhoons in Southern Africa and Latin America all reached signifi-
cant proportions over the course of 2000.

e Recent IPCC figures for climate-related influences on healthcare costs, vector
borne diseases, coastline erosion, crop yields and other metrics all point toward in-
creasing negative impacts on Earth ecosystems.

RESPONSES BY DR. MARTIN WHITTAKER TO ADDITIONAL QUESTIONS FROM
SENATOR VOINOVICH

Question 1a. Advocates of the Kyoto Protocol expect aggressive reductions in emis-
sions beyond 2012. Some advocate a global CO, concentration target of 550 ppm
CO2 by 2100 which will require substantial reductions in the emissions of developed
countries (including the United States). If a concentration target of 550 ppm by 2100
is adopted, what is your estimate of the caps on emissions for the United States
by 2050? By 2100?

Response. Innovest has not prepared forecasts of this nature and I would be reluc-
tant to do so without sufficient background preparation. I can only refer you to the
IPCC, which has recommended to UNFCCC signatories that atmospheric GHG con-
centrations should be stabilized at 550 ppmv of CO; equivalent (or twice pre-indus-
trial levels), which would require a 60 percent cut in GHG emissions relative to
1990 levels?.

Question 1b. Are you aware of any economic analysis of the impact of these reduc-
tions beyond the initial Kyoto target? If so, can you provide this analysis.

Response. I am not aware of any reliable analysis on this particular subject.

Question 2. What economic analysis is there for the impacts of implementing
Kyoto and reductions beyond Kyoto on the Canadian economy?

Response. The Government of Canada does not have an official estimate of the
economic impacts of meeting its Kyoto target. That said, the Federal Analysis and
Modelling Group has estimated that impacts,on GDP could be (in the worst case)
up to 3 percent between now and 2010; over the same period, the country’s GDP
is expected to grow 30 percent. In other words, Kyoto could shave up to 3 percent

1TPCC Climate Change 2001: Synthesis Report
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off GDP growth over the next 8 years and result in 450,000 jobs lost. This, approxi-
mates to a reduction of roughly C$11 billion, or C$400 per capita. On the other
hand, the best case scenario according to AMG is a ‘slight positive’ effect on GDP
and the net creation of 65,000 jobs.

Cost estimates from other sources (academic and specialist research houses) tend
to range from 0.2 percent to 2.5 percent GDP reduction, and a March 2002 Industry
Canada report estimates that costs will be in the region of 1.5 percent of GDP, or
about C$17 billion in 2010.

In terms of direct costs relating to reducing emissions, AMG describes 2 ap-
proaches; in one, expenditures to reduce emissions minus the energy efficiency gains
under a carbon ‘cost’ scenario of C$10-25 per tonne would result in net benefits of
about C$3 billion per year. In the other, the additional costs to do with transactions,
downtime to adjust business configuration and other anticipated indirect expendi-
tures associated with the shift toward lower carbon fuels are factored in. In this ap-
proach, under the same carbon price scenarios, costs are estimated to be in the
order of C$1.1 billion per year, or about C$40 per person.

A recent popularly discussed report issued by the Canadian Manufacturers Ex-
porters Association, a group opposed to Kyoto ratification, pegged the costs of Kyoto
to the Canadian economy at 450,000 jobs by 2010 and describes a multitude of nega-
tive consequences for ordinary Canadians ranging from having to drive in smaller
cars and refit their homes with expensive energy conservation equipment to paying
more taxes.

Question 3. What are companies doing in other countries to mitigate their busi-
ness risk?

Response. As you might expect, companies’ actions to mitigate business risks de-
pend on their reasons for wanting to act in the first place. We have identified sev-
eral reasons why businesses feel it necessary to take mitigative action.

(a) Compliance (or Anticipated Compliance) particularly in Canada, Europe and
Japan; A recent study among Canadian natural gas utilities showed Enbridge Con-
sumers Gas as the only company to achieve a net greenhouse gas emissions de-
crease (30 percent) between 1990-7. In 2000, ECG introduced a program to promote
energy-efficient equipment in the residential marketplace. Since 1996, the firm’s de-
mand-side management program has reduced customers’ emissions by 364,000
tonnes of CO; equivalent. Dupont Canada, partly in expectation of future emissions
constraints, report that CO, equivalents (including CFCs) have decreased from 160
billion 1lbs. in 1998 to 120 billion 1bs. 1999, and the company aims to achieve a 65
percent reduction in GHG by 2010 from 1990 base year.

(b) Improved efficiency; Deutsche Telekom, for example, reports that it has saved
over DM 8 million in energy costs and reduced carbon dioxide emissions simply by
adjusting the output of air-conditioning systems. Pasquale Pistorio, President and
CEO of STMicroelectronics (an Innovest ‘AAA’-ranked firm), reported returns on en-
ergy conservation efforts within 2 years and estimated savings of nearly $1 billion
on energy costs between 1994 and 2010 due to use of clean energy alternatives and
efficiency measures. And NTT, which will need roughly 4.7-billion kWh of electricity
in 2000 and is Japan’s largest single purchaser of electric power, is pursuing an en-
ergy conservation vision that aims to produce savings of 100 billion yen over 10
years over a business-as-usual scenario, thereby reducing indirect greenhouse gas
emissions.

(c) Reputation; In Othello, Shakespeare’s lago notes that ‘He that filches my good
name . . . makes me poor indeed’. Many leading firms have also recognized the true
value of reputation and the importance of climate change to this reputation. ABB,
the Swedish engineering and power equipment firm, has already adopted product
specifications around greenhouse gas intensity to help distinguish its products in
the market place, and Electrolux, BP, Baxter and Suncor have associated their
brands very closely with climate friendliness.

(d) Voluntary Targets: The flip side of the reputation issue, many firms are walk-
ing the talk and demonstrating their climate credentials by setting themselves vol-
untary targets. Entergy, which is clearly not yet formally obliged to reduce emis-
sions, purchased 10,000 metric tons of carbon dioxide allowances for under $5 per
metric ton as part of its recently announced efforts to voluntarily cut greenhouse
gas emissions over the next few years working with Environmental Defense. By vir-
tue of this action, Entergy will be able to lock in relatively cheap emissions reduc-
tion credits and take significant steps toward meeting its voluntary targets.

(e) Concerns over exposure to changing weather conditions; Natural gas compa-
nies have begun to hedge their exposure to warmer weather (which depresses de-
mand for natural gas used in heating) through the purchase of weather derivatives.
Food product firms are also particularly exposed on this front. Due to warm weather
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and severe storms, Central American farmers harvested their banana crop earlier
than normal in late 1997 and early 1998, increasing production by 13 percent.
Prices fell as the fruit flooded the North American market, forcing down Dole’s mar-
gins. In March 1998, Dole’s stock price dropped 12 percent in one day. Continued
extremes in weather resulting from climate change could also have serious repercus-
sions on food markets due to direct damage to operations. Hurricane Mitch caused
massive damage to Honduras, in part because of mudslides exacerbated by deforest-
ation in the region. Both Dole Foods and Chiquita suffered extensive damage to op-
erations in that country which reduced profits and pushed stock prices downwards.

(f) Competitiveness drivers and the need to innovate; In the U.K., Johnson
Matthey’s “smart” technologies, which contribute to climate. protection by facili-
tating smaller, lighter and more energy efficient products and processes, typify the
kind of innovation opportunities that climate change is creating. In the mining in-
dustry, Inco’s nickel hydride battery technologies, which contribute to climate pro-
tection by facilitating smaller, lighter and more energy efficient hybrid vehicles, are
a prime example of how climate change concerns are causing established, ‘old-econ-
omy’ companies to reexamine their business mix.

I would be happy to provide more details of individual company activities and ini-
tiatives on climate change, drawn from Innovest’s data base on corporate environ-
mental positioning.

STATEMENT OF JACK D. COGEN, PRESIDENT, NATSOURCE LLC

Good morning, Mr. Chairman and members of the committee. Thank you for invit-
ing me to testify. My name is Jack Cogen and I am the president of Natsource LLC,
an energy environmental commodity broker headquartered in New York City with
offices in Washington, DC, Europe, Japan, Canada, and Australia. My testimony
will address the financial risk associated with climate change policy.

At the outset, I want to acknowledge that there are legitimate differences of opin-
ion as to what should be the nature, degree and timing of policy responses to the
risk associated with climate change itself. However, the role of Natsource is to work
with clients who decide it is in their best interest to evaluate the extent of their
financial exposure under possible greenhouse gas policies. Our clients make the
threshold decision that they are at risk financially. After that, the next step for
them is to analyze the extent of their financial risk and develop strategies that
make sense for mitigating that risk. Natsource contributes its policy and market ex-
pertise to helping clients assess and manage risk.

The client base of Natsource includes multinational corporations as well as foreign
and domestic firms. Natsource assists them in quantifying their financial exposure
under different policies that might be adopted to limit greenhouse gas emissions.
Our experience indicates that companies consider a variety of factors when they
weigh the degree of risk they face and what to do about it. The primary factors are
(1) the probability they will be subject to emission limitation policies, and (2) the
potential direct and indirect cost of those policies to the company.

Natsource provides analysis, strategic advice, and market intelligence once a com-
pany decides to undertake a comprehensive risk assessment. Generally, we help cli-
ents assess their financial exposure by identifying policies that might be adopted;
assigning probabilities to those policies; quantifying the net emissions “shortfall” or
“surplus” the company faces under each policy; and estimating potential compliance
costs based on the company’s emissions profile, internal reduction opportunities, and
our knowledge of various commodities available in the greenhouse gas emission
markets. Multinational companies face an especially complicated risk because they
operate across multiple jurisdictions with different policies. In addition, many of
these companies must evaluate the effect of climate change policies on the market
demand for their products in different countries.

If potential compliance costs are substantial and the probability of emission limi-
tations is significant enough, the next step for many companies is to develop a cost-
effective risk management strategy. This involves assembling an optimal mix of
measures for reducing or offsetting emissions. These include internal and external
emission reduction projects, internal emission trading programs, and external trad-
ing markets.

Companies choose to undertake emission reduction measures in spite of or be-
cause of policy uncertainty for a variety of reasons, including to reduce future com-
pliance costs, gain experience in the greenhouse gas markets, maintain or enhance
their environmental image, and place a value on internal reduction opportunities.

Greenhouse gas markets are evolving and will continue to evolve over the next
several years. In the future, these markets will function more smoothly and with



196

lower transaction costs as greenhouse gas policies become clearer and markets be-
come more liquid. Even now, more sophisticated financial instruments such as call
options are being used as a hedge against risk.

Natsource recently completed the first comprehensive analysis of the greenhouse
gas trading market for the World Bank. The analysis identified approximately 60
greenhouse gas transactions involving some 55 million tons of emissions. These
numbers actually underestimate the total number of transactions because they do
not include internal-only transactions and small volume transactions. Current mar-
ket prices for greenhouse gas commodities range from less than a dollar to over $9
per ton of carbon dioxide equivalent, depending on the type of commodity and vin-
tage.

In conclusion, Mr. Chairman, a small but growing number of companies are begin-
ning to more carefully analyze their financial risk under possible greenhouse gas
policies. For a variety of reasons, some companies have decided to take steps now
to reduce emissions even though final policy decisions, in most cases, are still pend-
ing. As a consequence, these companies are able to take advantage of the most cost-
effective opportunities to reduce their financial exposure. As the markets for sulfur
dioxide and nitrogen oxides emissions in the United States have shown, emission
markets can provide an efficient way to lower the cost of reducing emissions.

That concludes my remarks, Mr. Chairman. I would be glad to answer any ques-
tions you or other Members of the committee might have.

RESPONSES BY JACK D. COGEN TO ADDITIONAL QUESTIONS FROM SENATOR SMITH

Question 1. Dr. Rowland testified that “during the 20th century, the atmospheric
concentrations of a number of greenhouse gases have increased, mostly because of
the actions of mankind.” Do you agree with that statement? Why or why not?

Response. My expertise and that of Natsource lies in providing brokerage services
and strategic risk assessment and risk management advice to our clients. Our ex-
pertise does not cover scientific or research issues associated with climate change.
Consequently, I am not able to provide a response that would be helpful to the com-
mittee.

Question 2. Dr. Pielke testified that “the primary cause for . . . growth in impact
is the increasing vulnerability of human and environmental systems to climate vari-
ability and change, not changes in climate per se.” Do you agree with this claim?
Why or why not?

Response. My expertise and that of Natsource lies in providing brokerage services
and strategic risk assessment and risk management advice to our clients. Our ex-
pertise does not cover scientific or research issues associated with climate change.
Consequently, I am not able to provide a response that would be helpful to the com-
mittee.

Question 3. Dr. Pielke also stated that “the present research agenda is focused
. improperly on prediction of the distant climate future” and that “instead of ar-

guing about global warming, yes or no . . . we might be better served by addressing
things like the present drought . . .” Do you agree with that proposition? Why or
why not?

Response. My expertise and that of Natsource lies in providing brokerage services
and strategic risk assessment and risk management advice to our clients. Our ex-
pertise does not cover scientific or research issues associated with climate change.
Consequently, I am not able to provide a response that would be helpful to the com-
mittee.

Question 4. Do you believe we should fully implement the Kyoto Protocol? Do you
agree with the assertion that full implementation of the Kyoto Protocol would only
ave;t the expected temperature change by 6/100 of a degree, Celsius? Why or why
not?

Response. Natsource does not have a position with respect to either the ratifica-
tion or implementation of the Kyoto Protocol. Natsource’s expertise and the services
and advice we provide our clients do not include assessing the climatic consequences
of implementing the Kyoto Protocol. Therefore, I am unable to provide any opinion
on possible temperature changes.

Question 5. Since the hearing there has been much press attention paid to the
breakup of the Antarctic Ice Sheet, especially a 500-billion ton iceberg known as
“Larsen B” that has been attributed to climate change. What scientific evidence is
there that climate change is the sole cause of this phenomenon? Is there any sci-
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entific evidence that anthropogenic influences bore any role in the breakup of
Larsen B?

Response. My expertise and that of Natsource lies in providing brokerage services
and strategic risk assessment and risk management advice to our clients. Our ex-
pertise does not cover scientific or research issues associated with climate change.
Consequently, I am not able to provide a response that would be helpful to the com-
mittee.

Question 6. Included in the hearing record as part of my opening statement was
a Swiss Re report titled “Climate research does not remove the uncertainty; Coping
with the risks of climate change” (copy attached). Please explain why you agree or
disagree with [certain] assertions or conclusions from that report.

Response. The Swiss Re report offers ideas that many people will find useful in
the debate over climate change and others will dispute. Natsource’s expertise does
not include issues associated with science or research, so we are not in a position
to either agree or disagree with the conclusions of the report. The Swiss Re report
states that the firm “is involved in the political debate about global climate protec-
tion . . .” Natsource is not involved in the political debate over climate change.
Rather, Natsource works with clients—many of whom are involved in the debate—
to help them assess and manage financial risk due to policies to limit greenhouse
gas emissions.

Question 7. Do you, believe that our vulnerability to extreme weather conditions
is increasing? Why or why not?

Response. My expertise and that of Natsource lies in providing brokerage services
and strategic risk assessment and risk management advice to our clients. Our ex-
pertise does not cover scientific or research issues associated with climate change.
Consequently, I am not able to provide a response that would be helpful to the com-
mittee.

RESPONSES BY JACK D. COGEN TO ADDITIONAL QUESTIONS FROM
SENATOR VOINOVICH

Question la. Advocates for the Kyoto Protocol expect aggressive reductions in
emissions beyond 2012. Some advocate a global CO, concentration target of 550 ppm
CO2 by 2100 which will require substantial reductions in the emissions of developed
countries (including the United States). If a concentration target of 550 ppm by 2100
is adopted, what is your estimate of the caps on emissions for the United States
by 2050? By 2100?

Response. Natsource’s expertise does not include the ability to evaluate the rela-
tionship between atmospheric concentrations of greenhouse gases and emissions
caps. Therefore, we are not able to provide any estimate with regard to emission
caps.

Question 1b. Are you aware of any economic analysis of the impact of these reduc-
tions beyond the initial Kyoto target? If so, can you provide this analysis?

Response. We are aware of general analysis of this issue conducted by preeminent
research institutes.

Question 2. What portion of Natsource’s business is dependent on the establish-
ment of a trading scheme for CO,?

Response. Natsource is engaged in brokering transactions involving energy-related
commodities. These commodities include electricity, natural gas, coal and emissions.
Emissions brokering is provided by dozens of other firms. Natsource has provided
emissions brokering services for SO, and NOx since the firm’s establishment in
1994. These brokerage services contribute to the liquidity of emission markets and,
ultimately, to finding the most cost-effective strategies for companies to reduce
emissions. Natsource became engaged in the emerging market for greenhouse gas
emissions because clients sought our expertise—and the expertise of similar firms—
in assessing and managing the risk they face because of the uncertainty of future
greenhouse gas policies in the United States and other countries. For some compa-
nies, a risk management strategy for greenhouse gases involves taking advantage
of past reduction efforts (e.g., sequestration) and obtaining additional reduction
credits through various types of market transactions. These market transactions can
involve the purchase of various types of reductions, the purchase of call options or
the swapping of emission reductions between different jurisdictions, to name a few.
As I mentioned in my testimony on March 13, our clients decide they are at risk
because of policies to limit greenhouse gas emissions and we help them to develop
and implement strategies to mitigate their risk.
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As far as Natsource’s business with respect to CO; trading is concerned, we have
been involved in brokering a number of greenhouse gas transactions in the United
States and in other countries. Many of these transactions have taken place either
to comply in the most cost-effective way with government policies to limit green-
house gas emissions, or to begin reducing emissions cost-effectively in anticipation
of expected policies to limit emissions. This later type of risk mitigation is similar
to the purchase of business insurance. While Natsource has been involved in
brokering transactions, our main focus has also been on providing strategic counsel
on risk assessment and risk management. Currently, a very small portion of
Natsource’s business is dependent on greenhouse gas trading. It is unlikely that the
public policy debate over climate change will be concluded soon. Therefore,
I\{atsource will continue to provide strategic counsel to domestic and international
clients.

Question 3. Has Natsource (including any of its staff) ever been involved in advo-
cating the adoption of the Kyoto Protocol?

Response. In order to provide the highest quality strategic counsel to our clients,
Natsource is pleased to have staff that have served in senior positions in the U.S.
Government under different Presidents. In their official capacity as representatives
of the U.S. Government, some of these staff advocated adoption of the Kyoto Pro-
tocol. However, Natsource neither supports nor opposes adoption of the Kyoto Pro-
tocol, nor do any of Natsource’s staff support or oppose adoption. Natsource has cli-
ents with a variety of views on the Kyoto Protocol.



Climate research does not remove the uncertainty
Coping with the risks of climate change

Despite advances in research, climate
development is and will remain uncer-
tain. immediate action must be taken
nevertheless, as even natural climatic
variability carries risks far greater than
generally assumed, and man's influ-
ence on the climate system will aggra-
vate these risks still further. Some-
thing must and can be done about
both these aspects: at regional level
by systematicaily optimising concepts
of pratection, and at giobat level by
implementing a comprehensive cli-
mate protection plan.
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Swiss Re



In recent years, climate research has
brought about a wealth of new know-
ledge. but it has not provided any cer-
tainty about the future of our climate,
nor how man's actions will influence the
complex climate system. [t would have
been unrealistic to expect answers to
these questions, as there are no scientific
methods for reliably predicting the be-
haviour of complex systems.

To deal with precisely this uncertainty,
Swiss Re suggested in its brochure
“Global warming: element of risk”, pub-~
lished in 1994, that political and admin-
istrative measures should be developed
in parallel to the necessary and beneficial
climate research. New findings from re-
search carried out confirm this approach.
This publication is intended to empha-
sise that, despite the unanswered ques-
tions, there is today both the need and
the possibitity to act.

Swiss Re does not hold the key to the
climate probtem. However, as a company
whose daily work involves dealing with
risks. it sees realistic possibilities of at
least effectively reducing the risks of
climate change.
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Status of our knowledge! uncertainty

* The earths atmosphere has warmed
up.

Natural climatic variability is greater
than generally assumed.

.

What we do not know is how the
climate will develop and to what ex-
tent it is influenced by man or nature.

The public at large tends (o interpret
research findings in conflicting ways.
Whilst some feel that the collapse of the
climate is unavoidable, others see the
discussion about climate as media-gener-
ated hype which, like the destruction of
forests. will soon be forgotten.

Both interpretations reflect hopes and
fears, but not the problem itself: the de-
velopment of the climate is uncertain ~
and will most probably remain so in the
future.

In Swiss Re's opinion, therefore, two
approaches are needed to find a solution.
We must try to understand the climate
system better by means of further re-
search, and we must tackle the existing
uncertainty as a risk which can be sys-
tematically analysed and overcome.

Risk of climate change

Risk management views the public dis-
cussion on climate as a sabbit sitting
paralysed in front of a snake - unaware
that behind it a fox is poised to strike.
There is not one problem but two: natu-
ral climate variability and the influence
of humnan activity on the climate system

Naturat climate change means a fluctuat-
ing climate and the need to constantly
adapt to new climatic conditions. Losses
oecur only where we do not adapt suffi-
ciently

Climatic events are influenced by man.

In addition to the natural climatic factors,
there are also man-made ones. This is the
anthropogenic influence, which changes
the climate system, increases its complexi-
ty and makes its behaviour even harder 1o
predict, A full risk analysis therefore re-
quires a systernatic analysis of both of
these individual phenomena and how
they interact. In order to do this. we must
fully understand how damage occurs.

There is no such thing as a natural
disaster

The primary cause of extrerne weather
damage is the ill-adaptation of human
systems to the possible weather events.

To express it more positively. the better
suited the system, the fewer losses extreme
meteorological situations will cause. That
is why Eskimos build igloos and the
Pueblo Indians build adobe houses.

The same applies to modern cities with
millions of inhabitants: New York is
equipped to cope with different extremes
of weather than Singapore. If the two
cities were swapped, they would be
plunged into devastating catastrophes.
As they stand today. Singapore could not
emerge unscathed from a blizzard and
nor could New York survive a tropical
cloudburst.

Seen in this way, there are no real natural
disasters, or at least not in the sense that
disasters are produced by nature. Natural
phenomena are just the triggers for pro-
cesses; the outcome is largely decided by
man. How else can we explain that tropi-
cal cyclones, for example, cause dispro-
portionately fewer deaths in rich indus-
trialised countries than they do in devel-
oping countries, where there are often

no efficient early-warning systems, no
protective structures and no efficient civil
defence and catastrophe management
organisations



Among mankind's great cultural achieve-
ments has been the ability to adapt to
basic climatic conditions and protect
against extrerne meteorological weather
conditions. We have adapted to such

an extent that, within a certain range,
weather conditions have little effect on
our daily lives.

However, we have done no more than re-
duce our dependence on average weather
conditions. Qur vulnerability to extreme
weather conditions, in contrast, is in-
creasing. Local weather occurrences are
now already being felt at regional level as
a result of denser comrnunication, trans-
port, supply and disposal networks, and
in the fong term their effects may also as-
sume global dimensions. An entire coun-
ty can be affected by the failure of a satel-
lite communications centre due to a
storm, and if a computer chip factory in
the Far East is flooded, critical supply
bottlenecks may ensue for the informa-
tion technology sector as a whole,
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Climate change is not even a requirement
for scenarios such as these to be trig-
gered. Extreme weather occurrences
which have been experienced in the past
could, if repeated today, lead to substan-
tially higher losses, because our sophisti-

cated technical system networks mean
that completely new, indirect conse-
quences and side-effects are possible.

The probability of such losses is another
question entirely. In 19335, the conference



of the International Meteorological Or-
ganisation defined the period from 1901
o 1935 as a “normal climatic period”.
The scientists of the time assumed that it
was enough to observe the weather over a
period of a few decades in order to iden-
tify not only average weather events but
also the possible weather extremes. From
this it was concluded that it was possible
to make the protection of towns and
countryside virtually foolproof - for ex-
ample. by building flood protection
dams large enough to cope with the max-
imum possible rainfali in a river's catch-
ment area.
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A one-hundred-year event every year?

We know today that the climate - the
total of all weather events at a given loca-
tion — can change considerably in the
short term solely as a result of natural in-
fluences. The fact that a certain intensity
of precipitation has only been observed
at a certain focation once over a 100-year
period is insufficient to draw the conclu-
sion that this event will only be repeated
on average once every 100 years in the
future as well. It could suddenly occur
several times within a few years.

However, this does not mean that human-
induced effects on the climate are harny-
less. On the contrary. it is precisely
because the natural climate system is
extremely sensitive that human interver-
tion can have unforesecable consequences.

The existence of natural climatic varia-
bility means that we cannot predict the
maximum possible weather parameters
for a given location. Consequently, it is
also impossible to provide absolute pro-
tection for our systems - be they whole
cities and regions or transport facilities
and production plants ~ within the scope
of what is economically feasible,

If rio-one knows what the maximum rain-
fall will be, no-one can calculate how low
a dam can be whilst still providing abso-
lute protection. Of course, all dams could
thearetically be made higher. yet even this
would not offer total security but merely
a further reduction in the risk.

The phenomenon of climate change ~
whether natural, man-made or influenced
by man — makes reliable probability



statements about future meteorological

* events impossible. This realisation is one
of the most important ever made by cli-
matologists. They therefore talk niot of
forecasts but of projections, the estimation
of possible meteorological events as a
resutt of possible climatic changes.

These projections are extremely valuable
in learning to understand the climate.
They are, however, not suitable as a basis
for planning for security. If probabilities
are used to calculate probabilities, the

outcorme is certain: everything is possible.

The effects of a system coliapse

It is generally believed that climate
change does not really become threaten-
ing until the climate alters dramatically.
This point of view is based on the incor-
rect assumption that storm damage in-
creases in proportion to the severity of
an event. This would mean that a slight
change in the climate wouid only lead to
a small increase in storm damage - and
therefore that there would be sufficient
time left to adapt the protective measures
to developments.

In reality, however, signs of collapse are
typicai of damage processes. They derive
from the protection limits, different for
every systern, which indicate how much
rain, storm, heat, cold, etc, a systern can
“take” without collapsing. If the severity
of an event exceeds this limit, even enly
slightly. the protection mechanisms can
fail. The system then collapses and the
losses accumulate rapidly with each fur-
ther increase in the event's severity.

Let us take a simple example: provided
the sustained wind speeds in a storm ares

above a town remain below the protection

limit. only minor damage occurs. Here

and there the wind dislodges slates, blows

down scaffolding and hoardings or up-
roots trees. If, however, the wind speeds
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are just slightly abave the wind loading
timit of buildings and other technical
installations, it is no longer individual
buildings but very large numbers of buiid-
ings which are affected or even destroyed,
and large-scale damage soon arises.

In view of its complexity, the climate sys-
tern too may exhibit such signs of col-
lapse. Small increases in the average tem-
perature, for example, can cause low
pressure systems to shift from their usual
paths and the frequency of heavy rainfall
in a particular region to suddenly in-
crease significantly. This also increases
the probability of extremely heavy rain-
fall, which can easily lead to catastrophic
events.

It should not, therefore, be assumed that
global warming of 2°C in 100 years is
harmless. Firstly, the global average value
of a typically moderate climate scenario
can concea! considerably larger changes
in regional averages: in some places it is
becoming colder on average, whilst mean
temperatures in other places are rising by
well over 2°C. Secondly ~ because of the
danger of system coflapse ~ even warm-
ing of less than 2°C can lead to serious
changes in the typical local weather pat-
terns.

Thirdly. even where there is only a slight
increase in the frequency of extreme
weather conditions which exceed the pro-
tection timit, the collapse of the system
can lead to a dramatic increase in storm
losses of catastrophic proportions.

The specific risks of climate change

Shoutld extreme weather protection mea-
sures fail, the interaction of economic
growth and concentration of values, pop-
ulation growth and the increasing settle-
ment of exposed areas, coupled with the
system collapse effects described above,
will lead to a significant increase in aver-
age storm damage worldwide, The only
uncertainty is which regions it will affect.

However, the global climate models and
underlying damage mechanisms do not
offer sufficient material for reliable fore-
casts for individual areas, let alone pre-
dictions of the socio-economic conse-
quences. The estimated global climate
model figures say as much about the
future climate of a particular town or
region as figures for gross domestic prod-
ucts say about the financial situation of
an individual family.

As one of the first research projects,
Switzerland's National Research Pro-
gramme 31 (NFP 31) therefore concen-
trated on the regional effects of climate
change. The results were disconcerting:
global warming of 2°C within the next
50 years would mean an economic loss
to Switzerland (calculated at 1995 prices)
of 2.3 10 3.2 biltion Swiss francs a year -
just under 1% of current GDP. The loss
of intangible assets, cuftural heritage and
scenery is not included in the calculation.

The winter tourist trade would be partic-
ulatly hard hit if one of its most impor-
tant competitive advantages, namely the
certainty of snow. were to melt. 30 to 40
per cent of the current winter sport in-
dustry would be lost in Switzerland ~
around 2 billion Swiss francs, At the
same time, the increase in flood damage
would be felt to the tune of 450 million
Swiss francs a year. Of course, there would
also be winners, An increase in summer
trade, for example, could bring in addi-
tional profit of 100 million Swiss franes.



These figures overshadow the threat to
individual fortunes. Some people would
lose their house and home ~ or even their
lives ~ as a result of natural disasters.
Adapting to climatic developments will
destroy jobs - but also create new ones,
And many a property could become vir-
tually worthless overnight if geologists
found that it was at high risk from
avalanches or mudflows as a result of the
change in climate.

The true-to-life research reslts are not
predictions of actual events but realistic
scenarios of possible events. They trans-
late the abstract theories of climate re-
search into local risks, which are then ef-
fective because they clearly show that
people will be affected by climate change.

Above all, the 50-plus individual projects
of NFP 31 show that climate change is
not a problem of the distant future but
one of the present day. This is impres-
sively highlighted by the massive shrink-
age of glaciers in the Alps. Their current
tength is the shortest for 5000 years.

For those affected, namely those to whom
glacier skiing has been their saurce of
income in the past, the causes are of sec-
ondary importance. For them the “cli-
mate disaster” has long been reality be-
cause they have already lost their liveli-
hood.
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Twin-track approach: two risks, two
strategies

Ciimatologists show how the climate
could develop, but how it will develop
rerains uncertain. Swiss Re proposed a
twin-track approach to the problem in
1894 in its publication "Global warming:
element of risk": developing strategies for
overcoming this uncertainty in parallel to
climate research.

The publication “Glabal warming; ele-
ment of risk” shawed that we are dealing
with two different but related risks: the
first is that anthropogenic influences can
have an adverse effect on the climate sys-
tem. The second is that even naturally
occurring climate changes could lead to
unexpected extreme weather occurrences.
And because these are unexpected, the
systems are neither adequately protected
nor prepared for dealing with such oceur-
rences and losses.

These two risks must be countered with
two different strategies:

* global climate protection

* new regional protection concepts.

Global climate protection

The aim of global climate protection is
to avoid anthropoegenic intervention in
the natural climate system when poten-
tial consequences cannot be foreseen.
This undoubtedly follows from the prin-
ciple of sustainable development: we do
not know exactly what effect the emis-
sion of greenhouse gases - above all car-
bon dioxide - will have on the climate
system. However, we do know that, be-
cause of the long residence times of these
gases in the atmosphere, the effects will
not be clearly identifiable for several
decades yet. [1 is not our generation but
subsequent ones who will find out what
COTSequUences our present actions have
had,

The first and most important step to-
wards effective climate protection in
Swiss Re's view is therefore to create ade-
quate awareness of the problems, ie tack~
ling the subject seriously and fundamen-
tally, and carefully considering the results
of climate research instead of interprering
them too hastily. True, there is still un-
certainty about the specific consequences
of anthropogenic intervention on the cli-
mate. But there is no doubt that man has
already altered the climate and that this
may have far-reaching consequences in
the long term. Ignoring the problem will
not make it go away. Nor do we want 10
fall into the trap of acting too hastily.

Even if business is only indirectly in-
volved in political decision making, it
shares the responsibility nevertheless. [t
must formulate its own opinion on cur-
rent problems and publish and defend
this opinion. Swiss Re urges business and
its associations to take a stand, become
more aware of the problem and actively
contribute towards finding a political so-
lution. The climate problem cannot be
ignored, nor will it be solved merely by
calls for optimum climate protection.
We need to find ways of implementing
the necessary climate protection measures
in a manner which is both socially and
economically acceptable.

New concepts of protection

Besides the implementation of climate
protection measures. it is essential that
new or at teast wider-ranging concepts

of protection are developed. These must
take into account the fact that the maxi-
mum strength and frequency of extreme
weather conditions at a given location
cannot be predicted. Obviously, technical
protection measures continue (o make



sense because they are suitable for reduc-
ing the probability of natural disasters.
Even if the intensity of rainfalt in a given
area rises as a result of climate change,
the protection provided by flood dams is
basically greater than it would be without
them.

1t is not the protective structures them-
selves which are wrong and outdated, but
the traditional concepts of protection as-
sociated with them, since these are asso-
ciated with absolute certainty - at least
amongst the general public. Yet absolute
certainty cannot be provided, as every
protective measure can fail or be over-
whetmed. A flood protection dam only
reduces the probability of a town being
flooded but not the possible extent of
toss in the event of the dam failing.

Indirectly, the maximum possible extent
of the loss is actually even increased by
these protective structures. Since more
and more coastal areas, riversides and
hillside locations are being ever more
densely populated and intensively used as
a result of the the assumed protection ob-
tained from dikes, dams and avalanche
barriers, this means that future natural
disasters could occur on an unprecedent-
ed scale,

Expressed in risk management terms: it is
net enough to reduce probabilities; the
possible consequences too must be limit-
ed to a manageable size.
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There are two ways of achieving this:
avoiding risk — for example, by not devel-
oping zones which are potentially at risk
~ or by means of optimum planning for
the event of a loss.

Planning starts with effective early-warn-
ing systems - so as at least to save human
life by prompt evacuation - and ends
with the rapid reconstruction of social,
economic and cultural structures. Figure-
tively speaking, a concept is needed for
the time before, during and after the
storm.

Numeraus examples show that in a high-
ty networked world fike ours, such a
comprehensive response to events can no
longer be the sole responsibility of state
organisations, such as the fire brigade or
army. [t must be provided by all parts of
society, albeit organised and managed by
the state.

An excellent example of this approach is
the "Project Impact” concept of the US
Federal Emergency Management Agency
(FEMAY}. Its guiding principle: if disas-
ters cannot be ruled out, attempts should
at least be made to deal as effectively as
possible with their consequences. This
gave rise to the idea of the "disaster-resis-
tant comrmunity”, with community in-
corporating not just the life and limb of
the inhabitants, but also all the econom-
ic, social, cultural and technical subsys-
tems. Every individual should learn how
he can contribute to dealing with the
event and the damage in the event of a
disaster.

Praject Impact is the practical implemen-
tation of the oft-quoted phrase, "There is
no such thing as ahsoltute security!”. It is
the logical development of the relative
security achieved in recent decades but
which can no longer be increased ar will
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The most important requirement for the
implementation of such a concept is,
however, that the state no longer promis-
es absolute security — and the population
no longer expects it.

What can be done?

From a risk management point of view,
the following measures need o be taken
urgently:

treat the existing uncertainty as a risk;
analyse risks at jocal level, for example
according to the approach taken by
NFP 31 and similar studies of other
regions]

develop Jocal protection concepts
aimed not only at averting dangers but
also at developing strategies for deal-
ing with all eventualities, along the
tines of Project Impact, for example;
and, at global level, develop strategies
for implementing the necessary cli-
mate protection in a way which is so-
cially and economically acceptable.

»

.

.

What shouidn’t be done?

Swiss Re considers it very dangerous

* to put the case for a collapse of the
climate system, as this will stir up
fears which - if they are not confirmed
~ will in time turn to carefree relief;
and ta play down the climate problem
for reasons of short-term expediency,
since the demand for sustainable de-
velopment requires that today’s gener-
ations take responsible measures to
counter a threat of this kind.

What is Swiss Re doing?

As a global player in the reinsurance mar-
ket, Swiss Re is continually analysing the
latest findings of climate research, which
it then incorporates into its products as
far as technically possible. It is also en-
gaged in developing risk management
strategies which exceed the boundaries of
traditional insutance cover.’

Inits capacity as an important cofnmer-
cial enterprise, Swiss Re is involved in the
political debate about globat climate pro-
tection and is committed to developing
concepts which wilt fulfil both the re-
quirements for effective climate protec-
tion and the need for economic feasibili-
ty. In particular, Swiss Re is involved in
the United Nations Environment Pro-
gramme (UNEP) and plays an active role
in interpational climate convention ne-
gotiations.

The 1994 Swiss Re publication "Globat
warming: element of risk” ends with the
following lines: “The answer given by cli-
matologists leaves no doubt whatsoever.
We do indeed have a problem and it is
far more serious than would appear at
first glance. The problem of climatic
change is one of an experienced, method-
ical, political, social, economic. technical
and cultural nature. Coping with it can-
not be delegated to individual institu-
tions but has to be tackled by joint effort
And not just anytime but now.” Today.
Jjust under five years laier, these words
have lost none of their immediacy.
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EAST-WEST CENTER,
Honolulu, HI, March 28, 2002.

Hon. JAMES JEFFORD,
U.S. Senate,
Washington, DC.

DEAR SENATOR JEFFORDS: Thank you for the kind invitation to share some
thoughts on the recently concluded first U.S. National Assessment of the Con-
sequences of Climate Variability and Change. I had privilege of coordinating the Pa-
cific Islands regional contribution to that important endeavor and I am delighted
to join my colleagues in the Northeast and the other regional programs in summa-
rizing some of the insights we gained during the process. I have enclosed a copy
of the final report of the Pacific Assessment and I hope that you and your staff will
find it helpful in your efforts.

The Pacific Assessment explored the consequences of climate variability and
change for the American Flag Pacific Islands (Hawaii, Guam, American Samoa and
the Commonwealth of the Northern Mariana Islands) and the U.S.-affiliated Pacific
Islands that include the Federated States of Micronesia, the Republic of the Mar-
shall Islands and Republic of Palau. The Pacific Assessment was supported through
a grant from the National Science Foundation (NSF) with resources from the Na-
tional Oceanic and Atmospheric Administration (NOAA), the National Aeronautics
and Space Administration (NASA), and the U.S. Department of the Interior (DOI).
I was the Principal Investigator and the East-West Center coordinated the Pacific
Assessment in collaboration with scientific partners from the University of Hawaii,
the University of Guam and NOAA (most notably the National Weather Service Pa-
cific Region and the National Centers for Environmental Prediction of the National
Weather Service), and the National Center for Atmospheric Research as well as re-
gional organizations such as the Pacific Islands Development Program, the Pacific
Basin Development Council and the South Pacific Regional Environment Pro-
gramme.

In addition to a scientific program of data analysis, research and modeling aimed
at developing a more complete understanding of the regional consequences of cli-
mate variability and change, the Pacific Assessment focused on the establishment
of a sustained, interactive dialog between scientists and decisionmakers designed to
promote the use of climate information to address critical issues in the region. The
research and dialog activities supported through the Pacific Assessment have identi-
fied a number of specific actions that can be taken to reduce climate-related vulner-
ability and enhance the resilience of Pacific Islands in the following critical areas:

e Providing access of freshwater resources;

e Protecting public health;

e Ensuring public safety and protecting community infrastructure;

e Sustaining agriculture and sustaining tourism as two particularly significant
economic sectors; and

e Promoting the wise use of coastal and marine resources (including coral reefs
and fisheries).

More than 200 individuals representing the scientific community, Government
Agencies, businesses, NGO’s and community leaders contributed their insights and
expertise to the Pacific Islands Regional Assessment process and the findings and
recommendations reflected in the final report are already being used by each of
those stakeholder groups throughout the region.

Perhaps the most important recommendation to emerge from the effort was that
the Pacific Assessment should be a continuing process of research and dialog with
the overarching goal of nurturing the critical partnerships necessary to develop cli-
mate information to support decisionmaking. We have taken this recommendation
to heart and are actively seeking resources to address some of the critical research
and information gaps identified during the Pacific Assessment process including:

e improving our understanding of climate-related extreme events;

e enhancing Pacific Island efforts to reduce vulnerability to patterns of natural
climate variability such as El Nino and, thereby, enhance regional capabilities to
adapt to long-term climate change;

e improving our ability to document and model climate processes and con-
sequences on local, island and regional scales;

e developing reliable projections of climate variability and change on various
timescales; and

e enhancing our understanding of the consequences of changes in climate on the
region’s unique ecosystems and natural resources, including the consequences of
thi)se changes for critical economic sectors such as tourism, fisheries and agri-
culture.



209

Like our colleagues in other regions, we are committed to securing the resources
required to help establish a Pacific regional climate information service—an inte-
grated scientific and decision support system that will support the development and
application of new scientific insights in response to the information needs identified
by the governments, businesses, resource managers, public interest groups and com-
munities that participated in the Pacific Assessment.

We would, of course, like to see a similar commitment on the part of the U.S.
Global Change Research Program Agencies that supported the first National Assess-
ment. While we seen promising indications of continued interest in Pacific Assess-
ment activities within individual Agencies such as NOAA and EPA, the absence of
a clear national, interagency commitment to sustaining this important regional as-
sessment process discouraging and unfortunate.

In welcoming the regional participants to the Pacific Assessment’s November 2000
Workshop on Climate and Island Coastal Communities, East-West Center President
Charles Morrison offered the following thought:

The impacts of the 1997-1998 El Nifio are fresh in our minds, and the latest
reports of the Intergovernmental Panel on Climate Change confirm what all of
you already know—changes in climate matter to individuals, communities, busi-
nesses and governments who call islands home. Your valuable natural re-
sources, traditional ways of life, critical economic sectors, community support
infrastructure and, to a great extent, your future depend on developing an effec-
tive response to the challenges presented by climate variability and change.

Similar statements have emerged from the Northeast and other regional assess-
ments conducted as part of the first National Assessment. Changes in climate mat-
ter to this region, this Nation and the world. As the individual and collected pro-
grams initiated during the first National Assessment process demonstrated, the sci-
entific community, governments, businesses and communities around this Nation
and throughout the world can meet the challenges and capitalize on the opportuni-
ties that changes in climate present to us when we combine our individual exper-
tise, insights and assets in a continuing program of shared learning and joint prob-
lem solving. The first National Assessment represented a critical step in the emer-
gence of such a new climate partnership. The interest that you and your congres-
sional colleagues have shown in continuing the National Assessment process is en-
couraging and I'm sure that my regional assessment colleagues join me in express-
ing our willingness to work with you and the Agencies of the U.S. Global Change
Research Program in this important, shared endeavor.

Thank you, again for the opportunity to share some of my thoughts on the Na-
tional Assessment process. If you or your staff have any questions or would like to
discuss this matter further, please do not hesitate to contact me.

Alona pumehana,
EILEEN L. SHEA,
Climate Project Coordinator.



